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GENERAL INTRODUCTION 


American Chemical Society Series of 
Chemical Monographs 

By arrangement with the Interallied Conference of Pure and Applied 
Chemistry, which met in London and Brussels in July, 1919, the Amer¬ 
ican Chemical Society was to undertake the production and publication 
of Scientific and Technologic monographs on chemical subjects. At the 
same time it was agreed that the National Research Council, in cooper¬ 
ation with the American Chemical Society and the American Physical 
Society, should undertake the production and publication of Critical 
Tables of Chemical and Physical Constants. The American Chemical 
Society and the National Research Council mutually agreed to care for 
these two fields of chemical development. The American Chemical Society 
named as Trustees, to make the necessary arrangements for the publica¬ 
tion of the monographs, Charles L: Parsons, secretary of the Society, 
Washington, D. C.; the late John E. Teeple, then treasurer of the Society, 
New York; and Professor Gellert Alleman of Swarthmore College. The 
Trustees arranged for the publication of the A.C.S. series of (a) Scientific 
and (b) Technologic Monographs by the Chemical Catalog Company, 
Inc. (Reinhold Publishing Corporation, successors) of New York. 

The Council of the American Chemical Society, acting through its 
Committee on National Policy, appointed editors (the present list of 
whom appears at the close of this introduction) to select authors of com¬ 
petent authority in their respective fields and to consider critically the 
manuscripts submitted. 

The first monograph of the series appeared in 1921. After twenty- 
three years of experience certain modifications of general policy are in¬ 
dicated. In the beginning there still remained from the preceding five 
decades a distinct though arbitrary differentiation between so-called 
“pure science” publications and technologic or applied .science literature. 
This differentiation is fast becoming nebulous. Research in private enter¬ 
prise has grown apace and not a little of it is pursued on the frontiers 
of knowledge. Furthermore, most workers in the sciences are coming 
to see the artificiality of the separation. The methods of both groups 
of workers are the same. They employ the same instrumentalities, and 
now frankly recognize that their objectives are common, namely the 
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search for new knowledge for the service of man. The officers o 
Society therefore have combined the two editorial Boards in a s 
Board of twelve representative members. 

Also in the beginning of the series, it seemed expedient to con 
rather broadly the definition of a monograph. Nectlfe of workers lu 
be recognized. Consequently among the first one hundred monogr 
appeared works in the form of treatises covering in some instances n 
broad areas. Because such necessary works do not now want for 
lishers, it is considered advisable to hew more strictly to the line o 
monograph character which means more complete and critical treat; 
of relatively restricted areas, and where a broader field needs cove 
to subdivide it into logical sub-ureas The prodigious expansion of 
knowledge makes such a change desirable. 

These monographs are intended to serve two principal purposes: 
to make available to chemists a thorough treatment of a selected an 
form usable by persons working in more or less unrelated fields to the 
that they may correlate their own work with a larger area of phv 
science discipline; second, to stimulate further research in the sp< 
field treated. To implement this purpose the authors of monographs 
expected to give extended references to the literature. Where the 1 
ature is of such volume that a complete bibliography is impractic 
the authors are expected to append a list of references critically nek 
on the basis of their relative importance and significance 
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Preface 


The purpose of this monograph is two-fold. It is designed primarily to 
summarise and to appraise our present scientific knowledge of the conversion 
of animal skin into leather. Its other purpose is to serve as a memorial to the 
life and work of a gifted pioneer leather scientist, John Arthur Wilson, the 
author of its first two editions, published in 1923 and 1929 respectively. 

The chemistry of leather manufacture is actually the chemistry of con¬ 
nective tissue, of the organic? tanning materials, of various inorganic tanning 
agents, and finally of the reactions that occur between skin proteins and 
tanning agents whereby leather is formed. This being true, progress in the 
so-called pure chemistry of these various fields has contributed directly to 
the progress of tanning technology. In turn, the advances within recent years 
in the chemistry of tanning have happily and significantly contributed to 
the sum of general scientific knowledge. It is for this reason that we con¬ 
fidently hope this book may prove of interest outside of its more restricted 
field. 

The present need for this monograph has been accentuated by the war 
effort. Leather is an indispensable article in times of peace, and becomes a 
critical material during war. Coincident with the expanded war need, there 
has occurred a sharp diminution of the normally large importations of hides 
and skins and tanning materials. This difficult situation can be met only 
by a better utilization of domestic materials. The technical men of the 
industry whoso problem this is--realize that better utilization is possible 
only through scientific knowledge. And they further realize that when 
peace is restored the leather industry will face grave competition from sub¬ 
stitute materials. 

A scientific field so complex and so far-flung as that of tanning lends 
itself to many, and often seemingly conflicting, viewpoints. Recognizing 
this, we have been primarily concerned with the presentation of experimental 
evidence and pertinent data, believing that while interpretations may change, 
the data remain vital. At the same time, we have sought to present ade¬ 
quately current and significant theoretical interpretations. 

In order to expand certain subjects and yet remain within the limits of 
one volume, we have had to omit some of the subjects considered in the two 
volumes of the second edition. These omissions relate more particularly to 
descriptions of dyes and finishes, patent leather, furs arid microscopic and 
histologic methods. We have also greatly reduced the number of illustra- 
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tions dealing with the histology of skin. All these omitted subjects are of 
interest and value and they may l>e found, as noted, in the second edition. 

Each chapter of this volume was submitted to various colleagues especially 
qualified to criticize it. In this way we received many valuable suggestions 
from the following friends; R. S. Adams, 1). II. Cameron, F. L. DcBeukelacr, 
J. IL Jlighberger, F. OTlaherty, A. Schubert, G. W. Schultz, H. G. Turley 
and H. R. Wilson. Our special thanks are due Doctor Max Bergmann who 
read and criticized the entire manuscript. Nor would the senior author fail 
to express his appreciation of the time and facilities provided him by the 
B. D. Eisendrath Tanning Company of Racine, Wisconsin. 

The chapter on the chemical composition of skin was written by John U. 
llighberger; that dealing with syntans by Karl F. Ruppenthal; the chapter 
on fatliquoring by Ralph E, Porter; and that on the physical testing of leather 
by Warren E. Einley. 

For the loan of cuts and plates we are indebted to the Journal of the 
American Leather Chemists Association . 

G. I). McL. 

E. R. T. 

New York, N. Y. 

April, 1945 
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Chapter 1 
Introduction 


If wo list, those materials necessary for human activity, loathin' is found 
to occupy an important place. It is therefore not surprising to find that 
tanning was probably the first manufacturing process in which man engaged, 
since both the clothing and protective armor of primitive man were of leather. 
Thus leather lias been an indispensable item throughout history and is neces¬ 
sary to modern civilization in the form of shoes, clothing, harness, belting, 
and endless other useful articles. 

All leather is made by treating animal skin with a tanning agent whereby 
the resulting product possesses qualities that, are quite different from those 
of the original skin. The moist skin which has been removed from the 
animal’s carcass is quickly decomposed by bacterial enzymes; it is rapidly 
dissolved by warm water; and if if is dried out, it becomes hard and largely 
useless. But when properly tanned, the skin is practically impervious to 
digestion by enzymes; it is insoluble in water and may be given whatever 
degree of softness is desired. It is the purpose of the following chapters to 
describe and to explain what, is known of the principles which underlie that 
interesting and exceedingly complex reaction known as tanning. 

A marked change has occurred in the leather industry during the past 
generation. Thirty years ago there were approximately 740 tanneries in 
the United States compared with 440 today, although the present volume of 
leather produced is considerably greater. This centralization of production 
went hand in hand with the growth and application of tanning science, and 
the unscientific tanner was unable to survive. The present tanning genera¬ 
tion faces an even greater test, because many leather-substitute materials 
have appeared and others are being studied by competent scientific minds. 
It is a hopeful sign, however, that the leather industry is becoming 
increasingly aware that empirical methods must be replaced by scientifically 
sound procedures. This is evidenced by the fact that many research institu¬ 
tions devoted to the study of tanning have been founded throughout; the 
world. But many tanning concerns are still unaware of their need for scien¬ 
tifically trained staffs; without such personnel they cannot hope to maintain 
their position in the competitive struggle which lies ahead. The most 
“practical” and successful tanner is he who not only respects the scientific 
approach but who is impatient with any other. 
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chemistry of leather manufacture 


While each phage of the tanning process will be discussed in its relation 
to the end product, leather, it will be helpful at this point to summarize 
briefly the general steps involved. 

Skins are, of course, produced all over the world and under a great variety 
of conditions. In any case the skin must be cured; that is, it must be so 
treated as to reduce or prevent its digestion by the many proteolytic bacteria 
which are present when the skin is flayed. This curing may be accomplished 
in certain cases by merely drying the skin, in other cases by partially dehy¬ 
drating it with common salt, and in still other cases, by a combination of 
drying and salting. Light-weight skins, like those from small animals such 
as goats or sheep, or from immature animals such as calves, are referred to 
in the leather industry as “skins.” Heavy-weight skins coming from large, 
mature animals such as steers, cows, or buffalo are termed “hides.” When the 
term skin is used in this summary, it is employed in its inclusive sense and 
refers to both light and heavy skins. 

When the cured skin reaches the tannery, it is “soaked.” That is, it is 
treated with water to rehydrate it and to remove surface dirt, undesirable 
proteins, and the curing salt, in the case of salted skins. 

After soaking, the skin receives the “unhairing” treatment. That is, 
it is placed in a solution of a chemical that will decompose the epidermal 
tissues and thus permit mechanical removal of the hair, while it partially 
saponifies the skin fat and produces desirable chemical and physical changes 
in the actual skin substance as well. The unhairing agent employed is usually 
a saturated solution of calcium hydroxide, to which various other chemicals 
known as accelerators are generally added. The time required for the 
unhairing process varies with the kind of skin and its condition, together 
with the nature of the unhairing solution and process and may range from one 
to ten days. Unhairing may also be accomplished by treating the soaked 
skin with certain enzymes or by “sweating.” in which case the soaked skin is 
hung in a warm, humid room until the proteolytic bacteria it contains have 
digested its epidermis. But the great bulk of all skins are unhaired by the 
“liming” process, noted above. The only leathers not passing through the 
unhairing process are those included under furs; these are not considered 
in this book. 

After the unhairing process, the skin is mechanically treated to remove 
the loosened hair, the disintegrated epidermis, much of the saponified animal 
fat, and also, the flesh, muscle, and adipose tissues adhering to the skin surface 
that was next to the animal’s body. This side of the skin is termed its “flesh” 
side, w'hile the outside surface which contained the hair is referred to as the 
“grain” side. 

The skin is now deliraed by soaking it in a solution of a chemical that 
will combine with the lime present in the skin to form a soluble lime^alt, 



INTROD U CTION 


which is then washed out with water. After deliming, the skin is “bated”— 
that is, it is usually treated with an aqueous infusion of an enzyme. This 
treatment brings about certain necessary chemical and physical changes in 
the skin. The skin is then ready for the tanning process. 

In the case of heavy hides that are to be vegetable tanned, the bating treat¬ 
ment referred to above may be greatly curtailed in comparison to that given 
light skinR, or it may be omitted entirely. In either event the heavy hide is 
placed in a very weak tannin infusion which is mellow in nature and in action; 
that is, it lacks astringency. This tan liquor is gradually increased in strength 
and astringency, until after a period of days, weeks, or months the hide is 
said to be tanned. Light skins that arc to be tanned with either organic 
agents (such as the vegetable tannins) or with inorganic agents (such as the 
salts of chromium) are bated much more extensively than in the case of heavy 
skins or hides. This is because of the very different leather qualities desired in 
light leathers, such as shoe uppers, compared with heavy leather, such as sole. 

When light skins are to be cliroipc tanned,J hey are first “pickled”; this 
means they are treated w ith a so lution containiri ^sulfuric or hydrochlo ric 
acid and sodium chloride ^ The acid rapidly combines with the skin protein 
and would cause it to swell were it not for the restraining action of the salt. 
The object of pickling is to bring the entire skin to a uniform chemical and 
physical condition and, also, to prevent the too rapid combination between 
skin substance and astringent chromium compound. The pickled skin is 
now agitated with a solution of a basic chromium compound, usually chro¬ 
mium sulfate, until it is considered to be tanned; this condition is coincident 
with a marked heat stability of the chrome tanned leather, which may be 
unaffected even by boiling water. The chrome tanning process is very much 
more rapid than vegetable tanning. 

The chrome tanned skin is next treated with a mild alkaline solution 
to remove any unbound or free acid it may contain; this process is termed 
“neutralizing.” After neutralizing the skin is dyed. 

At the completion of heavy-leather vegetable tannage, and after neutral¬ 
ization and dyeing in the ease of chrome tannage*, the leathers are treated 
with the proper amount and kind of fatty materials; this process is termed 
“oiling” or “stuffing” in the case of heavy leathers and “fatliquoring” in the 
case of light leathers. The purpose of the process is to restore to the hide 
or skin the equivalent of the natural fatty materials that were saponified 
and removed by the liming process, since the finished leather would otherwise 
lack tensile strength and the proper elasticity. 

After oiling or fatliquoring, the leather is dried and is ready for numerous 
“finishing” operations. These include various mechanical treatments, as 
well as the application of additional coats of coloring materials in the case of 
dyed fathers. 
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AD the foregoing processes are further described and discussed in books 
dealing with the practical procedures of tanning, to which we refer the inter¬ 
ested reader. The purpose of this volume is to discuss the more theoretical 
phases of tanning, since the future progress of leather manufacture is directly 
related to the extent to which scientific procedure replaces empirical practice. 



Chapter 2 
Histology of Skin 

Our understanding of all k of the processes involved in tanning has been 
enhanced by histological studies; and it. may be said, in fact, that without a 
minimum of such knowledge we cannot hope to study or control tanning 
processes intelligently. But it must be pointed out that leather histology 
is a distinct science, requiring special technique and long experience in pre¬ 
paring and in interpreting skin sections, arid that the lack of such knowledge 
lias often led to disappointing and unfortunate results. Elaborate histological 
studies of human skin have been made, and these have greatly aided the 
bather histologist. But modern experience has shown that while there arc 
many similarities between human skin and that of the animal skins used in 
canning, ther(‘ are also many differences, it is these differences, as well as 
lie changes induced by the processes of tanning, which make necessary a 
iistinct histology of tanning. 

The whole subject of leather histology has been dealt with at great length 
>y Wilson in the second edition of this monograph, to which the interested 
madcr is referred, since lack of space prevents our giving more than a brief 
nitline of the subject. 

The first adequate histological studies of animal skin and leather were 
probably those of Boulanger 1 in 1908, but those were unfortunately published 
n journals not generally accessible to leather .scientists. In 1917-21 Alfred 
Seymour-Jones 6 published a series of important articles which were valuable 
in themselves and which furnished stimulus to other investigators as well. 
Among the more recent general histological studies, and in addition to those 
>f Wilson 8 already mentioned, are those of Turley,* Kfmtzel, 2 ()T1aherty 
md McLaughlin, 4 Theis and Serfoss, 6 and I). J. Lloyd 3 and her collaborators. 

Animal skin is made up of a number of distinct tissues and contains a 
lumber of distinct organs, as would be expected when the several physiologic 
unctions of skin are considered. The tissues may lie divided into the follow- 
ng classes: epithelial, connective, muscular, nervous, glandular, fatty, and 
be blood tissues. The organs include: voluntary and involuntary muscles, 
at glands, sweat glands, nerves and blood vessels. These organs arc illus¬ 
trated and designated in Plate l. 4 

The physiologic functions of the skin are of very great importance. One 
>f the main functions of the skin is to keep constant the temperature of the 

5 
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body it covers; this it does by permitting loss of heat by means of the sweat 
glands, or retaining body heat, when necessary, by means of the fat glands 
which can automatically cover the surface of the skin with oil and thus reduce 
surface evaporation. The skin is one of the principal excretory organs of 



Plate 1. 


Frozen Section Steer Hide -Hematoxylin and Eosiu Stain Showing: 


A. Hair Follicle and Hair, 
B Oil Gland of llair. 


G. Erector Muscle. 
D. Sweat Glands. 


the body and protects it against bacterial invasion or mechanical dama 
as well. Another function of the skin is the development of what may 
termed color filters to protect underlying tissues from the harmful action 
the ultraviolet rays of the sun. 


HISTOLOGY OF SKIN 


;< v ; When the animal skin ag received by the tanner is considered anatoim- 
0' eally, it may first be divided into three distinct and superimposed layers: 
V flesh, derma or corium, and epidermis. These three general layers are 
• f subject to further division, as described below. 

,*>•, Iffe&h. Strictly speaking, this tissue is not a part of the skin proper, 
is attached to the underlying body by means of areolar connective tissue. 
* When the skin' is removed or flayed from the carcass, part of this areolar 
tissue remains attached to the skin, together with varying quantities of 
. adipose tissue, yellow connective tissue, blood vessels, nerves, and voluntary 
muscle. All these tissues combined compose the “flesh,” as it is expressed 
in tanning" terminology. The flesh must be mechanically removed from the 
skin during its preparation for tanning, and this process is termed “fleshing.” 
lb the flesh were not removed, the diffusion of tanning materials or other 
chemicals into the skin from its flesh side would be impeded. 

'f** Derma. The derma, corium, or true skin, as it is variously designated, 
constitutes tHe leather-making material of skin, since both fl&sh and 
epidermis will have been removed prior to the tanning of the skin. The 
derma may be divided into an upper portion and a lower portion. The 
upper contains glands, muscles, and hair follicles, and has been aptly desig¬ 
nated the “thermostat layer” by Wilson, 8 since it contains those organs 
concerned with the regulation of body temperature. The 4 lower portion 
of the donna is usually termed the “reticular” layer, since the interlacing 
collagen fibers of which it is composed present a net-like appearance. The 
proportion which the thermostat layer bears to the total derma thickness 
varies greatly with the age of the animal. We have found that, as a general 
rule, the thermostat, layer of a young calf, for example, represents a very 
much greater proportion of its derma thickness than in the case of the skin 
of a matured steer or cow. And we have noted that these proportionate 
differences seem to be a function of increased thickness of the reticular layer 
in the older animals, the actual thickness of the thermostat layer tending 
to remain approximately constant regardless of the animat'd age. 

The chemical constituents of skin are discussed in Chapter 3. But it 
will be well at this point to note that the main protein constituent of both 
J dermal layers is collagen, which is arranged in interlacing bundles of fibers 
or fibrils. Seymour-Jones 5 suggested that the fiber bundles Were enclosed 
in very thin sheaths of a substance he termed “liber sarcolemina.” These 
sheaths were later demonstrated by Turley. 7 Kaye and Lloyd 8 have shown 
photomicrographically that when collagen fibers of fresh skin are swollen 
in acidic or alkaline solutions, they show constrictions which seem to be 
4ue to tiny encircling threads of retieulin. The derma also contains a smaller 
amount of yellow connective tissue fibers composed of elastin. These fibers 
are located mainly at the lower and at the upper surfaces of the skin. Their 
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function is not clearly understood; it may be that those located near the upper 
or grain surface, and in close proximity to the erector pili muscles, serve to 
restore surrounding tissues to their normal position after they have been 
brought to a “goose-flesh” condition by the contraction of the erector pili 
muscle. 

The connective tissue iibers of the thermostat, layer are finer than those 
of the reticular layer, and they become increasingly liner ax the epidermis 



Plate 2. Frozen Section of Noimal Steoi 11 uie Stained with Scarlet R Fat Dye. 

X. Epidermis “Outer lay or Stratum (‘orneum Red 
B. Sebaceous (Hands and Ducts into Hair Follicle**. 

(\ Fat of Subcutaneous Tissue. 

(This hide was well fleshed during Having, leaving very little flesh) 


is approached and eventually become exceedingly fine and tend to lie parallel 
with the grain surface. 

That portion of the derma immediately in contact with the epidermis 
has been designated the “grain membrane” by Seymour-Jones. 5 This grain 
membrane constitutes the grain surface of the finished leather. It has long 
been thought that, the grain membrane is separated from the stratum germi- 
natum (the lowest layer of the epidermis) by an extremely thin film, called 
the “hyaline layer.” Kuntzel 2 does not believe in the existence of this 
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layer, which he assumes to be nothing more than a particularly fine fiber 
interweaving at the uppermost derma surface. Turley 7 has, on the other 
hand, been able to quite definitely demonstrate a distinct band of about 
five microns thickness covering the fibers of the derma surface and lining 
the hair follicles as well. 

Epidermis* Like the derma, the epidermis is made up of superimposed 
layers. Whereas the principal constituent of the derma is collagen, that of 
the epidermis is keratin. The two proteins are of very different composition 
and, fortunately for the tanner, respond very differently to treatment with 
unhairing solutions. When skin is limed, the epidermis is decomposed, 
thus enabling the mechanical removal of the hair, whereas the underlying 
collagen is not adversely affected. 

^ As will be noted in Plate 2, 4 the epidermis comprises only a very small 
proportion of the total of the skin thickness and may, in one sense, and 
despite its, importance, be regarded as a parasite. That is, it possesses no 
blood vessels of its own and draws upon the blood and lymph of the under¬ 
lying derma for its nourishment. It grows by means of reproduction of its 
own ceils. 

That portion of the epidermis immediately in contact with the derma 
(or the hyaline layer) is termed stratum germinatum ; it is also called the 
Malpighian layer. It is composed of elongated epithelial cells; these cells 
increase in height and then subdivide, one above the other. As subdivision 
continues, the older cells are pushed upward, away from nourishment, and 
consequently lose their power of reproduction until, finally, they become 
dehydrated and lifeless and are gradually worn away at the outer surface 
of the epidermis. The successive layers of epidermal cells have been termed: 
stratum germinatum , stratum granulosum , stratum lucidum , and the outermost, 
stratum cornu am. They are illustrated in Plate tf. 4 

We may thus summarize the various layers of skin and their relative 
positions: 

Epidermis Derma 


stratum corneum 
stratum lucidum 
stratum granulosum 
stratum germinatum 


hyaline layer 
grain membrane 
thermostat layer 
reticular layer 
flesh 


Kiintzel 2 has questioned the correctness of any rigid Ossification of 
epidermal layers, pointing out that we are dealing with a continuous cell 
migration, which finally ends with the dead cell falling from the epidermal 
outer surface. He contends t hat this migratory process does not occur in 
layers, since an individual cell may differ greatly from its neighboring cells 
in its migratory rate. Kiintzel believes that a layer-like cell arrangement 
in the epidermis is to be found only in the stratum germinatum. 
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Animal hair, like nails, hooves, scales, and feathers, is an epidermal 
growth. Noting the hairs shown in Plate 2, it is seen that the part of the 
hair which is below the skin surface rests in a pocket;, or follicle. This 
follicle is shown in greater detail in Plate .1 That part of the hair projecting 
beyond the surface of the skin is called the hair shaft, and that below the 
surface the hair root. The hair root penetrates deeply into the derma, the 
depth of penetration varying with the species of animal. The hair follicle 
is composed of epidermal tissues on its inside and of dermal tissue on its 
outside. The lower and thickened part of the hair root (see Plate 1) is 
called the hair bulb. The base of the follicle is penetrated from below by a 
projection arising from the derma and known as the hair papilla. The 
papilla is plentifully supplied with nerves and with blood vessels vrhich 
supply its nourishment. Epithelial cells line the lymph space surrounding the 
papilla. As long as these cells form, the older cells are pushed outward 
through the follicle and form the hair. When the cells cease to form, or 
if the papilla blood vessels fail to furnish cell nourishment, baldness results. 

As stated above, we have not attempted in this chapter to give more 
than a very general outline of the intensely interesting subject, skin histology. 
The subject is dealt with at length in the second edition of this monograph 
and by the numerous workers already referred to. 
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Chapter 3 

The Composition and Chemical Structure of Skin 


Animal skin, like other tissues of the body, is composed of proteins, 
lipids, carbohydrates, mineral salts, and water* During the past fifteen 
years important advances have been made in our knowledge of the chemical 
composition of skin, particularly with reference to the proteins and lipids. 
In this chapter an effort will be made to summarize the available knowledge', 
and to present a general picture of the skin’s composition and chemical 
characteristics. The principal constituents will be discussed separately 
under the classifications noted above. Brief discussions of the skin pigments 
and more important skin enzymes aie also included. 

PttOTTtJNS OF THK SKIN 

The solid matter of the skin is made up preponderantly-~ from about 
90 to about 95 per cent--of proteins. In the whole fresh skin they comprise 
roughly 35 per cent of the weight. Several classes of proteins are represented, 
the most important of which are collagen, elastin, keratins, glycoproteins, 
albumins, and globulins. Of these, those* of greatest importance to the 
tanner—essentially the first three named—-are fibrous in nature, while the* 
others belong to the class of globular, or corpuscular , proteins. The division 
of all proteins into these two broad categories has come into use in recent 
years. It emphasizes the reflection in their properties and structures of 
what is essentially a functional difference between the two types. The 
globular proteins are in general those which are more intimately connected 
with the vital processes of the body. They function as the essential con¬ 
stituents of the nuclei and protoplasm of actively multiplying cells, as oxygen 
carriers in the blood, as food materials, and in other capacities where active 
metabolic processes are carried on. The primary function of the fibrous 
proteins, on the other hand, is in connection with various structural features 
of the body. They are found where strength, together with flexibility or 
elasticity, is required in supporting or structural elements, as in tendons, 
muscles, cartilage, etc., or when* the function is primarily a protective one, 
as in the nails, hair, and skin. Although they are built up of essentially the 
same types of chemical units, the a-amino acids, nature has adapted the 
properties of these two groups of proteins to their respective functions in a 
remarkable manner. Thus the globular proteins are in general soluble, and 

12 



THE COMPOSITION AND CHEMICAL STRUCTURE OF SKIN 


13 


the fibrous proteins insoluble, in water or dilute aqueous systems. These 
differences in properties are undoubtedly achieved partially by variations 
in the proportions of the various amino acids or prosthetic groups composing 
them, but they seem primarily to be due to fundamental differences in the 
molecular organization of the structures. 

Since the proteins of most importance in the skin from the tanner's 
standpoint arc all fibrous, it will be necessary to consider in broad outline 
the present concept of fiber structure, developed as a result of the work of 
the last fifteen years, before discussing the individual proteins themselves. 

The Modern Concept of Protein Fiber Structure 

Following the pioneer work of Emil Fischer and his school in the closing 
years of the last and the early years of the present centuries, protein chemists 
were largely concerned with the development of the peptide theory of protein 
structure. According to this theory, which is now so firmly established as 
to be universally accepted, all proteins are essentially built up of a-amino 
acids joined together by the elimination of water between the carboxyl group 
of one and the amino group of another to form the peptide linkage . The 
resulting structures, as they exist in the proteins, are of very high molecular 
weight, and have the general formula: 

( NH CMR CO NH OlIR CO Ntt CHR CO . .), 

On hydrolysis, which may be brought about by the action of acids, bases, 
or enzymes, these polypeptide chaws are broken down into their constituent 
amino acids. For the first three decades of the present century protein 
chemists were primarily engaged in the determination and identification of 
the various amino acids isolated from such hydrolysates. A recent authori¬ 
tative survey 1,17 lists twenty-five amino acids which are generally accepted 
as occurring in proteins. About twenty of these are quite widely distributed 
and are found in most prof fans. In addit ion, a further group of twenty-two 
comprises those which have been found in nature, but have not definitely 
been proven to occur in proteins, as well as others which have been claimed 
by various investigators without substantiation. Many of the latter group 
are of doubtful authenticity. The accepted amino acids, exclusive of their 
common carboxyl and «-amino functional groups, are of the most- diverse 
chemical nature. Tlwty range from the simple glycine to those carrying 
more complex hydrocarbon groups of an aliphatic (leucine, valine), or an 
aromatic (phenyl-alanine) nature, or phenolic groups (tyrosine), or hetero¬ 
cyclic rings (tryptophane), or excess basic (lysine, arginine, histidine), ox- 
carboxyl (aspartic and glutamic acids) groups. In the generalized poly¬ 
peptide formula given above, where —NII ■ CHR ♦t'O — is one amino acid 
residue as it is built into the chain, R represents the individual, distinctive 
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portion of the amino acid molecule. These R groups, or side chains , as 
they are usually called, may thus be of widely different chemical character, 
from a single hydrogen atom to sizable chains which may bear strongly 
polar groups of acidic or basic function. 

While the determination of the amino acid composition of the proteins 
continues to be an active and highly important field of work, beginning in 
about the middle 1920’s investigators began to be interested in the possible 
configurations which might be assumed by the polypeptide chains, and the 
manner in which such chains might be arranged to form the total protein 
structure. A natural line of attack on this problem was the utilization of 
the powerful method of x-ray diffraction analysis, which had been shown by 
the Braggs and others to be capable of yielding complete structure deter¬ 
minations in the eases of simple crystalline materials. Since none of the 
globular proteins was at that time available in crystalline form, and x-ray 
photographs of ordinary protein preparations gave only hazy, “amorphous” 
rings, investigators turned to protein fibers, the definite macroscopic form 
and optical anisotropy of which gave promise of better results. X-ray 
diffraction photographs of such fibers, taken with the x-ray beam perpen¬ 
dicular to the long direction of the fiber, did indeed show reflections which, 
although not in general as sharp or as well defined as those given by simpler, 
highly crystalline materials, were nevertheless unquestionably the result 
of some sort of crystalline or semi-crystalline molecular arrangement. A 
further point of difference of these x-ray patterns from those of the simple 
crystals lay in their relative paucity in number of reflections. This fact, 
together with the lack of optical crystallographic data generally necessary 
for complete structure determinations, forced investigators to turn to other 
methods than the rigid mathematical processes of ordinary x-ray crystal 
structure analysis. In the present state of its development, the investigation 
of protein fiber structure by the x-ray method leads to satisfactory measure¬ 
ments of the interplanar spacing* causing the reflections observed*; the 
identification of the spacing*, and the interpretation of the structure in terms 
of them, however, rests in general upon inferences derived from observing 
the effects of alteration in physical and chemical states upon the diffraction 
patterns, and from analogies drawn from simpler, completely determined 
structures. The x-ray patterns do permit the direct deduction, however, 
that protein fibers are built up from long, thin crystallites arranged with 
their long axes more or less parallel to one another and to the long axis of 
the fiber, but of all possible orientations in other directions. These 
are the characteristic features of the structures of all fibers, regardless of 
their chemical nature. It is this type of structure that imparts to the fiber 

* For a simple exposition of the principles of the x-ray method, see II. Kersten, J. Am. 
Leather Chem. Assn., 31, 84 (1936). 
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its strength and flexibility. Other physical properties are associated with 
the chemical nature and stereochemical configuration of the units making 
up the crystallites, as will be seen. 

Investigators studying various protein libers by the x-ray method have 
found three groups of spacings, or dimensions, which appear to be, char¬ 
acteristic of the fibrous protein structure. The first of these? is the spacing 
between planes which run transversely to the fiber axis; that is, it is the 
distance* between identical* atomic groupings which are repeated in a direction 
parallel to the long axis of the fiber. In silk fibroin this distance is about 
7.0 1 (l A - 1 Angstrom Unit « 10* cm;, and is interpreted as the length 
or two amino acid residues as they are built into the polypeptide chain. 
Such chains, owing to the possibility of free rotation about the single bonds 
of the carbon and nitrogen atoms, are able to assume various lengths, in 
all but the longest of which the chains are coiled or folded upon themselves 



Kiguie I. interatomic distances and bond angles m a fully extended polypeptide chain. 


to some degree. In the fully extended condition, owing to the fact that all 
of the amino acids belong to the same stereochemical configurational family 
(the /-configuration), the side chain K groups extend alternately from one 
side and the other of the main chain. The distance between two R groups 
on the same side of such a fully extended chain, calculated from interatomic 
distances and bond angles found in simpler, analogous compounds, checks 
well with the characteristic repetition distance observed along the fiber axis 
in the east* of silk and other protean fibers where there is reason to believe 
that a fully extended condition of the chains exists. Figure 1 shows a dia¬ 
grammatic representation of a segment of such a polypeptide chain. Tn 
such cases the length per amino acid residue is one-half the observed perio¬ 
dicity, or about 3.5 - 3.0 A. In eases where the length per residue is found 
to be significantly smaller than this value, a coiled or folded condition of the 
chains is indicated. This condition is usually associated with some type of 
long-range elasticity in the fiber. 

* This statement is not strictly correct, since it takes no account of the difference between 
the It groups. The true umt cell (of which the repetition distance along the fiber axis is 
one dimension) of such a structure is probably many times larger than the pseudo unit cell 
ordinarily found m these investigations. 
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The other two characteristic dimensions found in fibrous proteins are 
both associated with the fiber cross-section; the spacing** are repeated in 
directions perpendicular to that discussed above, and to the liber axis. They 
are therefore the distances between sets of planes containing like atomic 
groupings, and running lengthwise of the fiber. Of these two dimensions, 
the first, amounting to about 4.5 A, is approximately the same for all proteins. 
It is interpreted as the lateral distance between neighboring polypeptide chains, 
and is determined by the closeness of approach of the main chains to each 
other. Since the groups making up the backbones of the chains are com¬ 
mon to all proteins, the fact that this spacing is nearly constant is readily 
understood; it is usually termed the backbone spacing. The chains may thus 
be conceived of as arranged in layers, in eacli of which the successive chains 
are separated from each other by about 4.5 A. The cohesion between the 
chains is probably due to hydrogen bridges formed between CO and NH 
groups in neighboring Chains. Such NHO bridges would be expected to 
occur by analogy with simpler structures, and their definite', existence' in 
proteins is attested by the evidence of infrared spectroscopy. 27 The stability 
of such linkages in the proteins is probably greatly enhanced by resonance 
between the forms 
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and by synchronized oscillation of the bridging hydrogens along the long 
chains. 68 * 68 

The second lateral dimension varies somew T hat from protein to protein 
and, what is more striking, in certain cases, notably in collagen and gelatin, 
it varies in the same protein, depending upon the moisture content. This 
spacing, which is about 10 A in many dry proteins, is interpreted as the 
distance to which the layers containing the main chains are separated by the 
projection of the side chains. Accordingly it is usually termed the side chain 
spacing . This distance will obviously be largely dependent upon the chemical 
nature of the amino acids composing the individual protein. 
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Figure 2 shows a diagrammatic representation of the production of x-ray 
reflections by the 7.0 A spacing, and the backbone spacing, in the case of an 
idealized structure formed of layers of fully extended polypeptide chains. 
In order to avoid complicating the figure unduly the production of the side 
chain lateral reflection is not shown. The structure represented in the 



Figure 2. Illustrating the formation of a fiber diagram by the diffraction of parallel, mono¬ 
chromatic x-rays by an idealized protein structure composed of fully extended polypeptide 
chains, when the x-ray beam is perpendicular to the fiber axis. The diffraction may be 
considered as a reflection from hypothetical planes passing through like atom groups. The 
angle of incidence of the x-ray beam with the planes, and the distance apart of the latter, 
must satisfy Bragg’s law relating these quantities to the x-ray wavelength, in order for 
“reflection” to occur. A «■ beams reflected from transverse planes, producing diffraction 
spots on the meridian of the film; B * beams reflected from parallel planes, producing spots 

on the equator. 


segment of fiber crystallite shown is essentially (with minor variations) that 
proposed for silk fibroin by Meyer and Mark, 91 in one of the pioneer com¬ 
prehensive investigations in this field. It must be emphasized, however, 
that the x-ray diagram actually produced by silk is quite different from the 
over-simplified sketch shown, which is intended only to illustrate the princi¬ 
ples of the formation of a fiber diagram. The fact that arcs, rather than 
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sharp spots, are found on most x-ray fiber photographs, is due to the diverg¬ 
ence from exact parallelism of the crystallites. As is shown in Figure 2, 
planes transverse to the fiber axis produce reflection spots or arcs on the 
meridian of the film, under the conditions shown, while those produced by 
planes parallel to the fiber axis appear on the equator. If- is usually observed 
that the reflections on the meridian are much sharper and more 4 clear-cut 
than those on the equator. This is a consequence of the fact that there is 
a far greater number of diffracting planes transverse to the fiber axis than 
parallel to it, and leads to the conclusion that the crystallites of the fiber 
are much longer in the direction of the fiber axis than they are thick in the 
cross-section of tin* fiber. 

A further important phenomenon observed in the x-ray investigation of 
protein fibers must be noted. The preceding discussion has dealt, with 
patterns produced when the x-ray beam is directed normal to the fiber a\i>; 
such patterns consist of spots or arcs. When the beam, however, is directed 
parallel to the fiber axis an altogether different result is obtained. Under 
these conditions the resulting diagram consist of whole concentric circles 
or rings of appreciable width, usually not more than one or two in number. 
This production of complete circles is a consequence of lack of pieferred 
orientation of the crystallites in other directions than parallel to the fiber 
axis. The crystallites, while all arranged with their long axes parallel to 
each other and to the fiber axis, are thus of all possible orientations in other 
directions. 

In the x-ray diffraction patterns of all natural protein libers, the crystalline 
reflections arc obscured to a varying degree* by a “back-ground haze” arising 
from amorphous matter. The nature of these amorphous regions, and their 
relation to the crystalline portion of the structure is not yet clear. Whether 
the crystallites are to be considered as imbedded in an amorphous phase of 
the same, or of different, chemical composition, or whether the long poly¬ 
peptide chains are brought together in an ordered arrangement in certain 
regions, while being merely entangled into an amorphous mass in others 
(“fringe theory” of Hermann, Gerngross, and Abitz 51 ) is still not clear. 

The essential features characteristic of the general structure of protein 
fibers are, however, fairly apparent. Astbury speaks of such filler structures 
as a kind of “molecular yarn,” and this phrase seems to characterize the general 
structure and properties extremely well. With this general picture in mind, 
we may now r proceed to discuss the individual proteins of the skin. 

The Keratins 

The keratins are the fibrous proteins which compose the outer layers of 
the skin and its appendages. The term covers a group ranging from hair, 
nails, and other horny structures to the proteins of the softer tissues of the 
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lower epithelial layer*, where the essentially fibrous character is not. so readily 
recognizable. In addition to the obvious differences in physical properties, 
some difference in chemical properties exists between these various keratins; 
in the tannery process of unhairing, for instance, the keratinous matter 
composing the epithelial layers is attacked by the alkaline solution before 
the hair itself is visibly affected. These softer keratins are also more suscepti¬ 
ble to attack by enzymes. The probable cause of such differences will be 
discussed later. 

The keratins which have usually been chosen for chemical study are those 
of hair, wool, nails, or horn. They are insoluble in water or dilute acids or 
alkalies, although attacked slowly by moderately strong solutions of the 
latter in the cold. They are quite resistant to the action of the ordinary 
enzymes such as pepsin and trypsin, although, as noted above, this statement 
does not apply to the softer keratins. Sookno and Harris 121 have determined 
the isoelectric point of wool keratin clectrophoretically as pH 4.2 in acetate 
buffers. Keratin in the form of hair or wool fibers swells very little over 
practically the whole pH range. After treatment with alkaline solutions, 
however, the swelling is increased, and two maxima appear, at pH values 
of about 2 and lO. 60 - 12 ' 1 It is probable that the softer keratins have a much 
greater swelling capacity. 

Keratin is usually prepared by extracting horny tissues with alcohol and 
ether to remove fats, then subjecting the material to digestion with an acid 
pepsin solution, followed by an alkaline trypsin solution. Toth digestions 
are allowed to proceed for about a week. The material is then re-extracted 
with alcohol and ether, and dried at room temperature. 

The amount of keratin in the skin naturally varies considerably, both 
with species and probably also with age. The thickness of lighter skins is 
usually decreased more at the expense of the derma than of the epidermal 
system, so that in such skins the proportion of keratin is correspondingly 
higher. Rosenthal 111 has reported from f>.2S to fi.41 per cent of the dry matter 
of dog skin to be keratin, depending upon location of the samples. Similar 
results for calf skin are given as from 10.fi 1 to ilfi.ln per cent. The latter 
figures seem extraordinarily high, but these 1 data must in any event be treated 
with considerable 1 reserve, since Rosenthal’s methods seem to have been 
scarcely adequate to effect (‘lean-cut separations of the various protein 
materials. 

The amino acid composition of keratins from various sources, as reported 
by different investigators, has varied considerably. While some of this 
variation is probably to be ascribed to experimental error and the different 
techniques used in the analyst's, there is no doubt that the different keratins 
do differ to some extent in chemical composition. What are considered to 
be the most reliable figures for the keratin of wool fiber are given in Table 1. 
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The chief characterizing feature of the keratin,s has ordinarily been considered 
to be their relatively high content of the sulfur-containing amino acid cystine. 
The only other sulfur-containing amino acid known definitely to occur in the 
proteins, methionine (a-amino-y-methylthiol-w-butyric acid), is pi'esent in 
only very small quantities in the keratins, and the total sulfur of wool keratin 
is almost completely accounted for by these t wo amino acids.* 1 ' 106 In recent 
years, however, Block has advocated the idea that the essential chemical 
characteristic of the keratins is the molecular ratios of the basic amino acids 
occurring in them, rather than the cystine content. In analyses of a con¬ 
siderable variety of keratins, Block and his co-workers have found approxi¬ 
mately constant values for these ratios, although the actual weight per¬ 
centages varied considerably, as is also true of the cystine contents. 
Accordingly, Block and Vickery 21 have proposed that a keratin be defined sis 
“a protean which is resistant to digestion by pepsin and trypsin, which is 
insoluble in dilute acids and alkalies, in water and organic solvents, and 
wliich on acid hydrolysis, yields such quantities of histidine, lysine, and 
arginine, that the molecular ratios of those amino acids are respectively 
approximately as 1:4:12.” 

In spite of the fact that the cystine content of the keratins varies (although 
usually relatively high), this amino acid is undoubtedly of great importance 
in their structure, and is probably responsible, in part at least, for their 
characteristic properties. Cystine is unique among the known naturally 
occurring amino acids in being a twinned molecule of a simpler amino acid, 
cysteine, with which it forms a reversible oxidation-reduction system: 

H II 

h,n~ h- oooh ii,n - -coon 



The question of which of these two forms actually occurs in the proteins 
is still a matter of discussion. Owing to the readily reversible transformation 
of one into the other, experimental difficulties arc presented in an attempt 
to settle the question which have not yet been entirely surmounted. Until 
fairly recent years it was believed that cysteine did not occur naturally in 
the proteins, but recent evidence, 02 based on positive nitroprussidc and other 
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tests for the free sulfhydryl group in certain proteins, indicates this to be 
incorrect. It is very probable that, at least in some cases, either or both 
forms may occur in the same protein, depending upon conditions. 

The idea that cystine may participate in the formation of two different 
polypeptide chains, one-half of its molecule being built into each of two neigh¬ 
boring chains, with a resultant disulfide bridge between, and that this type 
of linkage may be of peculiar importance in explaining the resistant properties 
of the keratins, apparently was first suggested by Starey. 126 This conception 
has been used by Astbury 2 in connection with his suggested keratin structure 
to be discussed below, by Spcakman, 122 and by others, and is now widely 
accepted, although it is to be remembered that it is not definitely proven by 
any evidence now at hand. The correlation of the insoluble, enzymatically 
resistant character of the keratins with their high cystine contents is, how¬ 
ever, a logical one, and their chemical behavior also fits in well with the 
disulfide bridge hypothesis. The susceptibility of the keratins to attack by 
alkali sulfides, cyanides, and other reducing agents, as observed in the technical 
unhairing of skins, is to be explained as a reductive fission of these bridges, 
Goddard and Michaelis 42 have shown that wool keratin can be converted 
into a soluble form by reduction with thioglyeolic acid, cyanides, or other 
reducing agents. Harris and his co-workers have recently studied this 
phenomenon extensively, and have advanced new chemical evidence in favor 
of the disulfide cross-linkage theory. They have shown 1 ' 70 that wool in which 
the S-S linkages have been broken by reduction is almost completely digested 
by pepsin and ehymo-trypsin (but is only slightly attacked by trypsin, 
however), and is also much more readily attacked by alkali. It is possible 
to carry out the reduction without visibly affecting the fiber structure. 
When the free SH groups are reconverted to disulfide groups by oxidation, 
the wool regains its original stability. 

After the promising results obtained in the x-ray investigation of the 
simple silk structure, x-ray crystallograpliers turned to such fibers as hair 
and wool. With these the first results were discouraging, since the patterns 
obtained, although undeniably due to some type of partial, if imperfect 
crystalline organization, contained even fewer reflections than those of silk 
fibroin. Furthermore, there seemed to be no spacing or periodicity which 
bore any recognizable relation to those which might be expected from an 
assemblage of polypeptide chains. The principal features of the diagram 
obtained from wool 9 wen' the strong meridional arcs of spacing 5.15 A, and 
the large equatorial spots of spacing 9.8 A. A diagrammatic sketch of the 
pattern is given in Figure 3. Astbury and Street 9 state of this pattern that 
“it is what might be expected from an imperfectly crystalline system in 
which the only sharply defined translation is that parallel to the fiber axis; 
in other words, if, suggests long filament-like molecules which cling together 
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sideways with varying degrees of perfection.'” It was evident that, aside 
from this adherence to the general principles of fiber structure, the keratin 
fiber was constructed on a different plan from that of silk. 

The resolution of this difficulty came with the illuminating discovery by 
Astbury and Street 9 that hair or wool, when stretched to approximately 
double its original length by steaming the fiber while under tension, gave 
an entirely different x-ray photograph.* The new pattern began to appear 
when the fibers were about twenty to thirty per cent extended, and at about 
sixty to seventy per cent extension had almost completely replaced the original 
diagram. In the new pattern (see Figure 3) the meridional reflection of 
5.15 A was replaced by one of spacing 3.32 A and periodicity 0.64 At, while 
on the equator strong new spots corresponding to a spacing of 1.05 A appeared. 
The equatorial reflections of fl.S A remained in the new pattern, although 
somewhat decreased in size. The diagram of the stretched keratin, which 
Astbury has called /3-keratin, the original form being termed a-keratin, 
is thus strikingly similar in its essentials to that of silk fibroin discussed 
in the preceding section. The periodicity in the* direction of the fiber 
axis, 6.64 A, and the corresponding amino acid residue length, 3.32 At 
(on the basis of two residues), are slightly less than in silk, but sufficiently 
close to be readily explainable by the difference in configuration of 
the main chains, produced by the bulkier side chains of keratin as com¬ 
pared to those 1 of silk fibroin, which consists largely of glycine and 
alanine. If the Meyer and Mark structure for silk fibroin is accepted in its 
essentials, it is scarcely possible to avoid the conclusion, which Astbury and 
Street drew, that /3-keratin is also formed of fully extended polypeptide 
chains held together by secondary valence backbone forces, and by primary 

* About six years earlier J. U. Katz had observed the transformation of the x-i ay dia¬ 
gram of rubber from an amoiphous ring to a crystalline pattern on stretching. Katz, 
however, did not interpret his observations as indicating any fundamental change in the 
form of the molecules, but sought rather to associate them with a change from a random to 
a crystalline orientation, brought about by stretching. See his discussion of Astbury's 
paper in “The Colloid Aspects of Textile Materials and Related Topics,” The Faraday 
Society, London, 1932, p. 207. 

f Although it is not evident from the, simplified sketches of Figure 3, nor from the ordi¬ 
nary photographic reproductions of the x-ray pictures, the strong meridional reflections in 
both pictures appear on the second layer line. The interpretation of fiber diagrams is 
based largely on analogy with rotating crystal photographs, in which layer lines arc produced 
which give directly the primitive, translation, or dimension of the unit cell, parallel to the axis 
of rotation. This periodicity, determined from a reflection on the nth layer line, and also 
on the meridian, is n times the observed spacing of the reflection. Owing to the fact that 
a fiber is an assemblage of crystallites of all possible orientations, except along the fiber axis, 
a photograph taken perpendicular to this axis produces essentially the same effect as is 
obtained on rotating a single crystal about one of its principal axes. Thus the “pseudo- 
primitive translations” in the present eases are 10,3 and 0.64 A respectively, although the 
true values are probably some multiple of these. See footnote on page 15 

t Astbury and Woods 10 state that the average value in 0-keratm is 3 38 A, and that 
the exact value is probably dependent upon the previous history and particular state of 
tension of the fiber. 
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valence side chain interactions, the respective distances between main chains 
being 4.65 A and 9.8 A. 

Astbury and Street further concluded that the fully extended chains 
of j3~koratin are formed from chains existing in a folded condition in the 
^-keratin, by some process of unfolding during the stretching of the fiber. 
This conception was strengthened by a comparison of the physical properties 
of silk and wool fibers. The extension of the wool fiber is elastic; on release 
of the tension under the proper conditions the fiber returns nearly to its 
original length, and the a-keratin x-ray diagram is simultaneously restored.* 
On the other hand, silk has a very low elastic extensibility beyond which it 
cannot be stretched without permanent deformation. Furthermore, silk 
fibers stretched even considerably beyond the elastic limit show no funda¬ 



mental change in x-ray diagram It is a natural conclusion that the mechan¬ 
ism of the extension is entirely different in the two cases, and that in wool it is 
achieved by the elongation of what may be called a molecular spring, which 
contains powerful internal forces tending to restore' it to its original shape, 
while in silk it is produced by the slipping over one another of chains which 
arc* already fully extended 

These ideas are accepted in principle, if not in detail, by most protein 
chemists, f The main debat e' has cent ('real around the structure to be assigned 
to a-kerat-in, and particularly the nature of the' folds in the chains, and the 
types of linkages operative in maintaining and restoring the folded condition. 
In Astbury’s originally suggested si nurture, which he has described in numer¬ 
ous places, 4 * 5 the main chains we're conceived of as folded into a series of 
hexagonal structures very similar to diketopiperazine rings. A layer of such 
chains held together by covalent side chain linkages (disulfide bridges and 

* This is true only for fibers stretched in water. Steam produces an irreversible change 
in which the power of regenerating the original x-ray pattern is lost. 

t See, however, the criticisms of Harrison, 49 who maintains that the different physical 
and chemical properties of the cuticle and the cortex of the fiber explain the phenomena 
observed. 
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Figure 4. Hexagonal folding of the polypeptide chains of a-keratin, according to Ast¬ 
bury *s original conception, and the production of the ft- from the «-form by extension 
of the chains. From W. T. Astbury, J. Textile hist , 27, 281 (1936). 



Figure 5. Diagrammatic representation of the structure of 0-keratin, according to Astbury 
(a) A grid of fully extended polypeptide chains, (b) Edge-on view of a stack of such griefs! 
The cx-form is derived from (a) by folding the paper transversely. From W. T. Astburv 
J. Textile Inst 27, 281 (1936). 
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other covalent or electrovalent links, of average spacing 9.X A) constituted 
a “grid,” and the total structure was formed of a stack of such grids cohering 
by the secondary valence forces along the backbones (4,5 A). This structure 
and its relation to the /9-keratin structure, is shown in the idealized diagrams 
of Figures 4 and 5. The periodicity observed along the fiber axis was associ¬ 
ated by Astbury with three amino acid residues, which in the folded condition 
in a-keratin occupied about 5.1 A, and became pulled out in the 0-form to a 
length of about 10.2 A, giving an average residue length in the latter case of 
around 3.4 A. The elastic properties of the fiber wore attributed to the fact 
that on extension the* side chain linkages are subjected to a certain amount 
of strain, with a natural tendency to return to the original unstressed form 
on release* of the tension. The phenomenon of “permanent set” in hair oi 
wool was explained by Astbury as being due to the hydrolytic rupture of 
certain of these linkages, and their re-formation in an unstressed configuration, 
by the prolonged action of the hot water or steam. Astbury and Woods 10 
also studied the “supcreontniction” of hair or wool fibers, a contraction to 
about, two-thirds of the original length, induced by releasing the tension 
immediately after stretching in steam. In such cases, according to Astbury 
and Woods, some of the side chain linkages are ruptured, but have no oppor¬ 
tunity to re-form, and the chains are thus left in a more labile condition which 
leads to an even greater degree of folding than existed in the original form. 

With further study, however, it became apparent that this formulation 
of the a-keratin structure was far from satisfactory. The more or less 
co-planar hexagonal fold postulated by Astbury brought the ketonic carbon and 
the imino nitrogen atoms of the intra-chain secondary valence bonds (indicated 
by dotted lines in Figure 4) far too close together for the, bonding to be of 
this type; it was accordingly necessary to assume a covalent character for 
tills linkage. Following the suggestion of Frank 36 this was incorporated in 
his structure by Astbury, 3 the covalence being accounted for by a lactam- 
lactim or keto-enol tautomerism along the chain. Other difficulties then 
arose, however; in addition to the fact that the force necessary to rupture 
covalent bonds is far greater than the comparatively small force required to 
effect the a to 0 transformation, it was difficult to understand wdiy one 
covalent CONI! link should be ruptured in preference to another. The 
4Coup de grace was administered to the original Astbury a-kcratin formulation 
by Ncurath, 97 who showed by means of scale models that there was simply 
not space enough in the structure to accommodate the side chains. These 
are surprisingly bulky, having an average cross-sectional area of about 17 - 25 
sq. A, according to Ncurath. 

Astbury has accordingly abandoned his original conception of the shape 
of the a-fold, and Astbury and Bell 7 have recently suggested a modified struc¬ 
ture which they claim meets previous objections, and allows sufficient space for 
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the side chains to project alternately on either side of the fold. This is accom¬ 
plished by making an approximately rectangular fold, in alternating directions 
at every third CIIR carbon atom. The side chains are thus brought into 
triangular groups projecting first on one side of the fold and then on the 
other. Hydrogen bridges are postulated both between opposing CO and 
NH groups within each fold, and between adjacent folds. The proposed 



Figure 7. A possible structure for a polypeptide chain in a-keratin, according to Huggins, 
(a) Idealized ribbon-like structure with intramolecular hydrogen bonds, (b) Edge-on 
view of (a), show ing a possible manner of folding. From ML L. Huggins, A nn. Rev. Biochem., 

11,27(1942). 


structure is shown dingrammatically in Figure <>. Astbury and Hell point 
out that T).l A is about the shortest distance at which the chain can lx* folded 
and still leave the side chains alternately on each side of the fold. 

Huggins*™ has very recently critically examined proposed structures for 
the fibrous proteins, and has pointed out that nearly all of those suggested 
to date are lacking in probability on the basis of certain well established 
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structural principles. Thus the most probable structure for a protein would 
be one in which like groups are all surrounded in a like manner, as far as 
consistent with differences between the It groups. This principle is not 
fulfilled by the Astbury and Bell a-keratin structure. Huggins has suggested 
a modified structure, based on this and other established structural principles, 
such as that of close-packing, which states that the most stable arrangements 
of molecules are such that each atom or group is surrounded by as many 
close neighbors as possible, the distances between neighbors being close to 
the equilibrium distances (ix., between the forces of attraction and repulsion), 



Or os oo . h 

Figure 8 Hypothetical distribution of the spiral chains of Figure 7 in a layer of the a- 
keratin structure, assuming cystine and setme-ghitzmiate bridges connecting the chains. 
From M. L Huggins, Chnn . Rev., 32, 195 (1943). 


and that there are no large gaps left unoccupied. He has shown that the 
atoms and bonds of a polypeptide chain may be distributed as shown in 
Figure 7, by means of intra-chain NITO bridges, to give a ribbon-likc struc¬ 
ture, which must be folded in order to maintain the proper bond angles. 
Although there are various ways in which this may be done, Huggins suggests 
the configuration shown in edge-on view in Figure 7 as the most probable 
for n-keratin on the basis of the observed x-ray data. It. is suggested that 
the chains an? held together in layers (see Figure S) through cystine bridges 
and oxygen-containing bridges such as - CH 2 O C()~-OH 2 —CH>—, 
formed by condensation of the side chains of serine and glutamic acid. These 

* . Q 

layers are stacked together at an average distance of about 9 A. In the 
structure proposed, the a - to /3-keratin transition does not necessitate the 
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breaking of any bonds, except the hydrogen bridges. These are changed, 
by simple shifts of the bridging hydrogens, from intra-chain bonds in the 
o-keratin to inter-chain bonds in the 0-structure. The type of folding 
suggested, as shown in Figure 7, serves to explain the observed strong x-ray 
reflection from a spacing of 5.1 A, without any assumptions regarding differ¬ 
ences in the x-ray scattering power among the R groups, such as are necessary 
with other configurations considered. Huggins, although advocating this 
type of structure as the most probable on the basis of the observed evidence, 
emphasizes that the available information is insufficient to permit the deduc¬ 
tion of a single unique' structure. 

The present position with respect to our knowledge of the structure of 
the keratins might therefore be summarized as follows, it seems reasonably 
certain that some type of coiled or folded polypeptide chains exists in the 
a-keratin, and that these are capable of being pulled out- almost to the fully 
extended form, giving the 0-keratin, and accounting for the elastic properties. 
It is not possible to state with any certainty, however, what the exact con¬ 
figuration of the chains is in the a-form. It likewise appears very probable 
that cystine plays an important role in the structure, probably by tying the 
chains together into layers through disulfide bridges. As noted in the 
beginning of this section, the keratins are the proteins of the body’s outermost- 
surfaces, where some sort of protectin' armor is required to meet the contact 
with the outer world, it stems very likely that nature, in fashioning a 
suitable material for this purpose, has utilized the properties of the cystine- 
cysteine oxidation-reduction system discussed earlier. The protein used 
must be sufficiently labile in its properties to take part in the metabolic 
processes going on in the tissue whore it is formed, and yet, as it is pushed 
farther and farther out toward the outer surfaces it must become tougher 
and more resistant to chemical and physical influences. It. seems reasonable 
to suppose that the properties of the cystine-cysteine oxidation-reduction 
system furnish the needl'd mechanism, at least in part, for accomplishing 
this. In the underlying tissues free sulfhydryl groups probably exist in the 
protein. In the course of its progress toward the outer surfaces, however, 
more and more of these are oxidized to the disulfide bonds of cystine, thus 
tying the chains togethei into the compact, resistant structures which are 
the keratins of the stratum corneum, nails, or hair. 

Collagen 

From the technical standpoint, collagen is the most important protein in 
the skin, because it is present in the largest amount and is responsible for the 
formation of leather by combination with tanning agents. It is the protein 
of the white connective tissue fibers of the corium, and constitutes approxi¬ 
mately 30-33 per cent of the weight of the whole fresh skin. McLaughlin 
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and Theis 84 found collagen to compose 84.0, 87.2, and 85.1 per cent of the 
dry matter of calf, cow, and steer coria, respectively. 

Collagen is insoluble in organic solvents, in water, and in dilute solutions 
of acids and alkalies at ordinary temperatures. According to Nageotte/ 4 
however, the collagen of the tail tendon of the white rat is soluble in the cold 
in 0.4 per cent acetic acid, from which it may be precipitated by salting out, 
or by neutralizing the acid. 117 A distinguishing and highly important char¬ 
acteristic of collagen is its very large swelling capacity in aqueous acid and 
alkaline systems in the absence of high salt concentrations. These phenomena 
are considered in detail elsewhere in this book and need not be discussed 
further here. The prolonged action of hot water converts collagen into 
gelatin. This reaction, which is of great technical importance, may be 
considered as the most important single characteristic feature of the protein, 
aside from its leather-forming and swelling powers. It is, indeed, responsible 
for the name collagen, which is derived from Greek, and means “glue former.” 
Collagen fibers exhibit a characteristic shrinkage temperature. When heated 
in water they contract suddenly at a temperature which varies somewhat 
with the ionic environment and previous treatment, but which is approxi¬ 
mately t>0-(>5° 0 for fibers teased from fresh, untreated skin. Fibers thus 
contracted are about one-third the original length, have increased consider¬ 
ably in thickness, and possess rubber-like elasticity in the wet condition. 
This phenomenon will bo further discussed in connection with the considera¬ 
tion of the fine structure of collagen. 

Pepsin readily digests collagen. Some years ago a considerable con¬ 
troversy existed as to whether or not- it is attacked by trypsin. It is now 
generally considered that native collagen is quite resistant to tryptic action, 
in the absence of predisposing factors such as swelling, partial degradation by 
acids or alkalies, etc. Subjection of the material to such conditions, however, 
rapidly enhances the? susceptibility. According to Bergmann 17 fresh collagen 
fibers are attacked by trypsin only at the cut surfaces. 

In the study of collagen two types of preparations have been largely used. 
In the first of these, wheie single fibers or fiber bundles are desired, use has 
been made of tendons (such as the “Achilles tendon”) of the larger animals, 
or the tail tendons of the rat or kangaroo. Although small amounts of other 
proteins are present in such structures, single fibers or fiber bundles teased 
from them may be considered to represent essentially collagen. The second 
type of preparation has resulted from the attempt to purify the original 
source, usually the derma or eorium of skin, from which the non-collagenous 
constituents are removed by processes designed to affect the collagen as 
little as possible. In the method described by Ilighberger 53 this is accom¬ 
plished by tryptic digestion of fresh eorium under carefully controlled eondi- 
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lions, extraction with one-half saturated Ca(OH) 2 solution, deliming, and 
removal of fats with organic solvents. Many Variations of this general 
type of method have been published. It is necessary to point out that the 
resulting product will fall into one of two different classes, depending upon 
whether or not a strong alkaline treatment, such as liming to remove the 
hair, has been used. The official hide powder of the leather chemist, which 
is made from lime unhaired hides, has an isoelectric point of pH 4.7 - 4.9, 
and until recently this was supposed to be the isoelectric point of the native 
collagen. In 1939, however, Highberger’ 6 and Reek and Sookne 14 simul¬ 
taneously showed by electrophoretic methods that the isoelectric point of 
collagen which has not been subjected to a strong alkaline treatment lies 
at a considerably higher value. The first- worker located it at pH 7.8, and 
the latter investigators at about pH 7.0. The shift in isoelectric point caused 
by the alkaline treatment is due to some chemical change the exact nature 
of which is not yet clear, although Beck and Sookne ascribe it to the hydrolysis 
of side chain amide groups. 

The currently generally accepted figures for the amino acid composition 
of collagen are given in 'l able 1. Most of the older data related to gelatin — 
one of the most completely analyzed of the proteins —and only comparatively 
recently have results based upon collagen preparations of known history 
become available. Aside from more or less minor variations such as are to be 
expected in the application of different methods, there is little d finite evidence 
of the existence of collagens of different chemical compositions, such as is found 
with the keratins, llighberger 54 found the basic amino acid contents of 
several collagen preparations to be essentially the same. These included 
preparations from steer, cow, and bull hides, and from different layers of the 
same steer hide. The anomalous solubility of the collagen of rat-tail tendons 
may, however, be an indication of a different chemical composition. 

According to Grassmann and his co-workers, 44 collagen contains about 0.05 
per cent of a carbohydrate, bound as an integral part of the molecule. This 
will be further discussed in connection with the carbohydrates of skin. 

In 1935 Bcrgmann !f> noted certain regularities in the amino acid com¬ 
position of gelatin which led him to suggest- a skeleton structure for the peptide 
chains composing this protein, or its precursor, collagen. The principles 
involved were later elaborated by Bergmann and Niemann 14 into a general 
theory of protean structure, which lias come to be known as the “periodicity 
hypothesis.” The basic post-ulat-e of the theory is that the individual amino 
acids are arranged in the polypeptide chain in a definite pattern such that 
each individual residue is always separated from a like residue by the same 
number of other residues. According to Bergmann, this fact forces certain 
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Table h Amino Acid Composition of Skin Proteins 
(Expressed as {>er cent on dry protein weight) 


Amino Acid 


Glycine 


Alanine 
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Tyrosine 
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1 
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0 23 (128; 


17 5 (IS) 
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stoichiometric relations upon the molecule, which are discernible in the ratios 
of the residue fractions of the individual hydrolytic products. Thus the 
residue fractions* of glycine, proline, and hydroxy proline in gelatin (or 
collagen) were found to be close to J, arid respectively. Bergmann, 
therefore, suggested that glycine could be every third amino acid residue in 

* These are derived from the percentage figures of 'fable 1 by dividing by the molecular 
weight of the respective amino acid, and dividing this quotient (gram moles of the amino 
acid per 100 grams of protein) by the gram moles of total amino acid residues contained in 
100 grams of the protein. The latter value involves an estimate of the average molecular 
weight of all amino acids in the protein, and is consequently a source of some uncertainty. 
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Table 1. Continued 
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Figures in parentheses refer to literature inferences 
* Determined on gelatin 1 Includes isoleueme, 

? As an impure “leucine fraction" containing also norvalme and phenylalanine 

3 Includes nydroxylysme 4 Values from about 3 to about 13 per cent hm, e been reported for various keratins 
h The value 9 I percent m frequently given foi gelatin (75) 6 Dakin 131) reported 0 Opel cent for gelatin 

the chains composing gelatin, f proline every sixth, and hydroxy proline every 
ninth. The two arrangements 

(1) gt.x.g.x.x.g.p.x.g.x.x. - 

(2) G.X.P.G.X X.G.X.P.G.X.X.— 

where G represents glycine, P proline, and X any other amino acid residue, 
were suggested as possible structures for gelatin on this basis The isolation 
by Grassmann and Riederle 47 of the tripeptide lysy 1-prolyl-glycine from 
gelatin would appear to support the second structure. The stoichiometric 
relations observed among the hydrolytic products of gelatin further led 
Bergmann to suggest that the precursor of gelatin (collagen) contains a chain 
of 288 residues, or a whole number multiple thereof, with a minimal 
molecular weight of 26,000. 

The above hypothesis as to the structure of gelatin was based in part on 
BergmannV 6 original determination of its proline content as 19.7 per cent, 
t This had previously been suggested by Astbury* on the basis of his x-ray findings. 







34 


CHEMISTRY OF LEATHER MANUFACTURE 


This determination was carried out by a maximum precipitation method 
(with rhodanilic acid), using an empirical correction for solubility.* This 
figure was later revised by Bergmann and Stein 18 to 17.5 per cent on the basis 
of determinations made by the “solubility product method” worked out by 
them. If this value is correct the periodicity, or frequency, of proline in 
gelatin would be 7 (that is, every seventh amino acid residue along the chain 
would be proline), which is impossible because of conflict with other frequen¬ 
cies. In a later investigation designed to check the possibility that this value 
is low owing to raccmization of proline during hydrolysis, Stein and Berg¬ 
mann 127 conclifded that 17.5 per cent represents the proline content of collagen 
and gelatin as determined in the hydrolysate, but pointed out that the possi¬ 
bility of destruction of proline in the peptide stage is still not excluded. It is 
apparent (hat. confirmation of this value necessitates modification of the above 


Figure 9. Diagrammatic repre¬ 
sentation of the x-ray pattern 
of collagen or of stretched 
gelatin. Fiber axis vertical. 
(After *1. K. Katz.) 



suggested structure, either by abandonment of a structure based on the 
periodicity principle, or by the adoption of a dual frequency for proline. 18 
The possibility must also not be ignored that what, we call collagen may be 
actually a mixture of two or more chemical entities. Some facts ('merging 
from the x-ray investigation also hint at this possibility. 

Collagen fibers of diverse origin give similar x-ray patterns which are 
characteristic and different from those of any of the other fibrous proteins. 
This pattern is shown diagrammatically* in Figure 9. The most apparent 
reflections are the strong meridional arcs (K 3 ) of spacing 2.85 A, the diffuse 
equatorial reflections (A 0 ) of about 4.4 A, and the strong inner equatorial 
reflections (Ki). A characteristic and striking feature is the variation of the 

* Schneider 48 has reported 18.9 per cent proline, determined by rhodanilate precipita¬ 
tion, in cow hide collagen. 
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value of the latter spacing with the moisture content of the protein. In the 
dry state it amounts to about 10 A, and increases with the water content to 
about 17 A, beyond which the swollen condition makes observation difficult, 
Katz and Derksen 84 found the variation in spacing value to be approximately 
linear with respect to the water content. According to Astbury, 6 the 2.85 A 
spacing represents an interplanar distance along the fiber axis which is best 
interpreted as the* length of the amino acid residue* 4.4 A is the backbone 
spacing typical of the proteins, and the variable 10 A spacing represents the 
side chain distance, at right angles to the fiber axis. The variation of this 
spacing with the water content is readily explainable on this basis, as it is 
to be expected that the main polypeptide chains would be pushed farther 
apart by the entrance into this space of water molecules attracted by the 
polar groups carried by many of the side chains. 

From the few reflections present in these patterns von Susich 129 and also 
Katz 63 calculated by the method of Folanyi 103 that the period along the fiber 
axis .is 8.4 A. Astbury 2 concluded that this distance 1 represented, not the 
length of two amino acid residues, as had been suggested by Meyer, 89 and as 
does the 7 A period in silk, but rather the 1 length of three such residues, each 
of which would then be 2.8 A in length. According to this interpretation the 
peptide chains of collagen must therefore involve sequences of three amino 
acids, and this idea received strong support from the work of Bcrgmann 
already discussed. An anomalous situation was piesentcd, however, in the 
fact that, whereas in all other cases studied, the existence of amino acid 
residue lengths appreciably shorter than 3.5 A (the fully extended length) 
was associated with long-range 1 elasticity in the fiber, this is not true of colla¬ 
gen. Collagen fibers in general have very low elastic limits, and it is appar¬ 
ently not possible to stretch them into the fully extended or /3-keratin form.* 
This anomaly was explained in an ingenious way by Astbury, 6 who has pointed 
out that the existence of the high proportion of proline, and hydroxyproline 
residues in collagen must exert a large influence on the configuration assumed 
by the peptide chains, owing to the fact that, the nitrogen atom and adjacent 
a-carbon atom of the fivc-mombered proline ring are both also part of the 
chain. This limits the rotational possibilities about these atoms, and forces 
some sort of spiral or folded configuration upon the chain at these points. 
Using Borgmann’s original proline determination, Astbury concluded that 
every third residue, with the exception of one in every eighteen, is either pro¬ 
line or hydroxyproline, while glycine also occurs as every third residue. The 
general structure was represented as 

—P G -It P U -R P G R- 

where one glycine and oik* other residue occur between every two proline 
(or hydroxyproline) residues. Astbury further concluded that a require- 

* See, however, the work of Schmitt, Hall, and Jakuu , 117 to be discussed later. 
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ment of such a structure would be that the side chains must lie in general on 
the opposite side of the backbone from the proline and hydroxyproline rings 
(the chains would be in the cis configuration) in order to avoid interference. 
By means of a model of the structure 
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he showed that a chain meeting tliese requirements runs on in a straight line, 
and that the average residue length is 2,85 A. The only side chains which 
occur on the same side of the backbone as the proline rings are those of glycine, 
which are merely hydrogen atoms. The inextensibility of collagen fibers 
was attributed to the fact that any major alteration in the configuration results 
in the side chains tending to occupy the same side of the backbone as the pro- 
line rings, which is prevented by spatial requirements. Also, in the fully 
extended condition the chain cannot run on in a straight line, since a sharp 
change in direction is introduced at each proline residue (see also Pauling 102 ), 
and therefore under these conditions the chain must exist as a series of loops 
or folds. It must be pointed out that Astburv’s suggested structure is not 
consistent with Bergmann and Stein’s later proline determination, discussed 
previously. 

Huggins 58 has recently criticized the Astbury formulation of the collagen 
structure, and has proposed a somewhat modified structure based on the 
principles already mentioned in connection with his suggested keratin struc¬ 
ture. According to Huggins, the unbalanced forces existing on opposite 
sides of such a chain as Asti>ury\s model for collagen would tend to bend it 
continuously in the same direction. He proposes instead a spiral configura¬ 
tion with an average residue length of 2.9 A, in which the side chains project 
alternately above and below* the main chain. A group of such spiral chains 
is held together in a layer, as shown in Figure 10, by means of NHO and 
OHO bridges between different chains. Such layers can be piled together, 
as indicated in Figure 11, so as to give an approximately “close-packed” 
arrangement of side chains between each pair, without crowding. Huggins 
states that the large proportion of proline and hydroxyproline residues cannot 
fit into any of his other proposed structures, such as those of a- or /3-keratin, 
and that this may explain why collagen assumes the type of structure lie 
suggests. On the other hand, he points out that an equally reasonable 
assumption would be that the collagen type of structure is, in general, the 
stable one, and that other structures, such as that of a-keratin, are adopted 
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H—5.8 A—H 


Figure 11. Possible manner of packing adjacent layers of the type of figure 10, in collagen. 
Heavy circles denote R groups or II atoms pointing up from the lower layer; light circles 
denote R groups or H atoms pointing down from the upper layer. The letters r, Ii, and 
R indicate a suggested distribution of proline (and hydroxy proline), glycine, and other 
residues, respectively, on the assumption that these three classes are present in equal 
numbers. From M. L. Huggins, Chum , Rev., 32, 195 (1943). 
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only when there are available a sufficient number of residues, like cystine, 
capable of bridging between adjacent chains. 

The structures proposed by Astbury and by Huggins an* based on the 
existence of a period along the fiber axis which is a multiple of a shortened 
amino acid residue length of about 2.8 A, and which Astbury has taken as 
three times this value, or 8.4 A. There are, however, reflections present in 
the collagen x-ray pattern which are not readily reconciled with this, and 
which lead to a different value for the period. The four spots (Iv>) grouped 
around the central spot, just outside the radius of the side chain reflections 
(see Figure 9) are the chief example of this. These are present on patterns 
made from collagens of various sources. According to Trillat, 131 Herzog and 
Jancke, 52 Ktintzel and Prakke,* 0 and others, these reflections correspond to a 
fiber period of 9.8 A. It has been suggested 90 that this period arises from the 
length of three amino acid residues, of average length about 3.3 A, or slightly 
less than the fully extended length. Meyer 90 suggests that the discrepancies 
between various workers are, best resolved by assuming that two different 
types of crystals are involved in the formation of the collagen lattice. If this 
view is accepted it might aid in explaining the apparent, odd frequency found 
for proline by Bergmann and Stein. Relatively few of the proline and 
hydroxyproline residues would be expected to occur in the* portion of the 
structure composed of chains exhibiting the longer average residue length. 
On this basis the total collagen structure might be supposed to be the resultant 
of the association of two crystalline types, one of which, containing huge 
amounts of proline and hydroxyproline residues, is built up from spiral or 
partially folded chains, while the other is composed of nearly fully extended 
chains. It must be emphasized that this is pure speculation, and that the 
few reflections present on the x-ray patterns do not permit the calculation of 
fiber periods with any certainty. 

Several investigators, using special x-ray techniques (longer wave length, 
increased specimen to film distance), have found very long spaeings in colla¬ 
gen fibers. These are certainly to be expected; it was pointed out previously 
that the periods observed by the ordinary technique are in reality only sub- 
or pseudo-periods within much larger patterns. It is unfortunate that the 
study of these longer spaeings, which may be expected eventually to yield 
important results, is at present greatly limited by technical difficulties. 
Wyckoff and Corey 143 observed several spaeings, the highest of which was 
330 A, along the* fiber axis of kangaroo tail tendon. Clark arid his co-workers 29 
found a reflection at 440 A in catgut, and Bear 12 has reported a spacing of 
640 A. The existing data are as yet too fragmentary to permit any inter¬ 
pretation of these spaeings, other than a statement of the probability that they 
arise from pattern repetitions along very long polypeptide chains. 

In 1926 Gerngross and Katz 39 discovered that gelatin stretched about 300 
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per cent yields an x-ray fiber diagram identical with that of oriented collagen 
fibers. It had been known for some time that gelatin in its ordinary form 
gives a Debye-Scherrer or powder diagram identical with that of a mass of 
unoriented collagen libers. According to Clark, 29 however, the long spacing 
at 440 A is not present in gelatin. From the x-ray results it may be inferred 
that gelatin contains micelles or crystallites similar in structure, and probably 
identical with, those of collagen, but present in a disoriented form; on stretch¬ 
ing, these micelles become oriented parallel to the direction of stretching. 

The phenomenon of the thermal contraction of collagen fibers has been 
the subject of many investigations. In the shrunken condition the char¬ 
acteristic x-ray pattern of collagen is completely absent, and is replaced instead 
by an amorphous halo. The optical anisotropy of the fibers is also lost. It 
is possible, however, to restore the original collagen diagram by stretching 
the liber back to its original length. 6 The shrinking has generally been 
interpreted 6 ' 80 as the result of the folding or coiling of the polypeptide chains, 
induced by the rupture of linkages holding them in a more extended con¬ 
figuration, and the x-ray and optical data, together with the existence of long- 
range elasticity in the contracted state, leave little doubt of the correctness 
of this viewpoint. As Astbury 6 points out, however, the fact that the original 
x-ray pattern can be so readily restored (partially even by spontaneous 
re-elongation on standing in cold water) can mean only that the general 
organization of the chains in the micelles remains relatively undisturbed in 
spite of the folding. The existence in gelatin of micelles which can be 
oriented to give the typical collagen pattern points to the same conclusion. 

It is clear, from the nature of the process, that the thermal contraction of 
the collagen must be one of the initial phases of the transformation of collagen 
to gelatin. Oherbuliez and Meyer 28 consider it- to be the first, reversible stage 
of a two-stage process, and regard it as a type of melting. Kiintzel, 78 however, 
believes the contraction to bo irreversible, and intimately connected with 
the liberation of bounu watei from the structure. The view of Cherbuliez 
and Meyer is probably more nearly correct. 

The newly developed electron microscope technique has been applied to 
the study of collagen fibers with striking results by Schmitt, Hall, and Jakus. 117 
They found collagen preparations from various sources (including human 
and cattle skin) to be composed primarily of fibrils having widths of the order 
of 500 to 1000 A, and exhibiting pronounced cleavage planes parallel to the 
long axes. Although widths of the above magnitude predominated in the 
preparations examined, fibrils occurred in widths down to the resolving 
limit (about 50 A) of the electron microscope, from which it was concluded 
that the smallest representatives of the structure had not yet been resolved. 
The most striking observation was that the fibrils in all cases were striated, 
possessing alternate light and dark bands, due to regions of relatively 
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low and high density. The distance between bands of like density varied 
considerably in different fibrils, but an average value of 044 A was found* 
This apparently coincides with the <340 A spacing found by Bear by the long 
spacing x-ray technique. The dense and transparent bands were found to 
have lengths of about 440 and 200 A, respectively. 

Very surprisingly, it was found by Schmitt, Hall, and Jakus that the 
collagen fibrils were capable of great elongation. This was observed in cases 
w r here the supporting collodion film was ruptured and peeled back, exerting 
considerable tension on the fibrils. Measurements made in such cases showed 
that the spacing between bands of like density underwent an enormous 
increase, the maximum observed being nearly 6000 A. It was shown that the 
transparent bands increased more than the dense bands, suggesting that 
material was transferred from the latter to the former during stretching. 
The hypothesis was suggested that the linear elements of the structure are 
more highly folded in the dense than in the transparent bands. 

Schmitt, Hall, and Jakus point out the discrepancy between these ex¬ 
traordinary phenomena and the physical properties of collagen in the form of 
intact tendon, w r hich possesses only a small extensibility. Although they 
offer no definite explanation for this difference in behavior, it is suggested 
that possibly rupture occurs in the tendon, owing to slippage <4 fibrils of 
finite length, before sufficient tension is exerted on the fibrils to elongate them. 
This seems difficult to reconcile with the considerable tensile strength of 
tendon. An additional curious observation of these workers was that heat- 
contracted fibrils still showed the characteristic hands with no appreciable 
change in spacing. It is evident that these interesting findings need con¬ 
firmation and further extensive investigation before we can hope to under¬ 
stand them fully. It is tempting to speculate, however, on the relation of 
the banded structure to the possible existence of two crystal systems in 
collagen, discussed previously. Schmitt, Hall, and Jakus mention the possi¬ 
bility that the amino acid composition may be different in the two regions. 
It may be pointed out that the band lengths found in the normal state are 
insufficient to accommodate chains of 288 residues (Bergmann's unit), even 
on the basis of the shortest residue lengths yet ascribed to collagen. 

It is clear that our understanding of the fine structure of collagen and its 
relation to the physical properties of the fiber is in perhaps the least satis¬ 
factory state of any of the important fibrous proteins. We can be reasonably 
sure that the structure consists of an assemblage of crystallites composed of 
long polypeptide chains in semi-crystalline array, more or less parallel to the 
fiber axis, but as to the exact configuration of the chains and the manner of 
their packing together we are still very much in the dark. It is probable, 
however, that future work will resolve many of the difficulties and discrep- 
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ancies which now exist, and lead to a clearer understanding of this important 
protein. 

Reticulin 

It has been known for many years that many of the cellular tissues of 
the body are surrounded and interpenetrated with a fine, filamentous, network 
which is called reticular tissue. The protein which composes the fibers of 
this network has been called reticulin. What little is knowm about the nature 
and properties of this material is largely the result of histological observation. 
The tissue is distinguished from collagenous fibers by its different staining 
reactions, notably its ability to fix colloidal silver—the so-called argyrophylic 
property—in contrast to collagen. In 1924 Kaye and Jordan Lloyd 67 
observed the presence of reticular tissue in the skin, in the form of a fine 
fibrous network surrounding and binding together the fiber bundles.* This 
observation has been confirmed by other workers, especially by Turley, 132 
Kiintzel, 76,77 Leplat, 81 and Roddy and O’Flaherty. 107 

The nature of reticulin and its relation to collagen have been the subject 
of dispute ever since the original observations were made, and the matter 
is still not finally settled. Throe schools of thought have developed. The 
first of these holds that reticulin and collagen are two entirely different and 
chemically unrelated proteins, the second that reticulin represents an early 
stage (“precollagen”) in the formation of collagen, while the third maintains 
that- reticulin and collagen are the same protein, differing only in the physical 
disposition of the fibers - the so-called “unitary hypothesis.” 

According to Kaye, 60 reticulin is a protein which differs in chemical 
behavior from collagen or (‘lastin, being much more resistant to the action 
of boiling water and chemical reagents such as acids and alkalies in hot dilute 
or cold concentrated solutions. It is digested by pepsin, but is only slowly 
attacked by trypsin. The material swells much less than collagen, and the 
swelling of collagen fiber bundles is restricted by the presence of the sur¬ 
rounding sheath of reticular tissue. Several workers have demonstrated that 
on strong swelling collagen fiber bundles are restricted in places by bands of 
reticular tissue which have survived the rupture of the surrounding net- 
Avork. 66 - 81 

Kiintzel, 76,77 while confirming the existence of a fine fibrous network around 
the collagen fiber bundles, believed these fibers also to consist of collagen. 
This view is also subscribed to by Nageotte and Guyon,' 96,06 who state that the 
difference in argyrophylic properties between reticulin and collagen is due to 
the fact that t he much finer fibrils of the former an* more easily penetrated by 
the colloidal silver. They were able to show that fine collagenous fibrils, 

* This had previously been pointed out by Seymour-Jones, 130 who first spoke of the tissue 
as “fiber sareolemma,” and later as “areolar tissue/' 



42 


CHEMISTRY OF LEATHER MANUFACTURE 


produced from the soluble collagen of rat-tail tendon by the method of 
Nageotte, 94 were just as argyrophyiic as reticular tissue. Also, according to 
these workers, there is no basis in embryology or anatomy for the older 
“precollagen” hypothesis. 

From the results of a recent study of the reticular tissue of animal skin, 
Roddy and O'Flaherty 107 have concluded that the reticular tissue is really a 
complex between reticulin and other proteins, such as albumins, globulins, 
and mucoid. According to this view the other proteins may be considered to 
constitute a sort of ground-substance for the reticular fibers, the whole com¬ 
plex making up the interfibrillary tissue which surrounds and connects the 
collagen fibers. 

According to Leplat, 81 the reticular tissue is present in its full amount at 
an early stage in the growth of the animal, so that the proportion of reticulin 
to collagen is higher in young animals than in adults. In any event the 
amount of reticulin in the skin must be quite small on a weight basis. The 
insoluble residue remaining after prolonged boiling in water of purified colla¬ 
gen preparations made from fresh steer corimn by Highberger’s method, 
which should contain a large part of the reticulin if the properties ascribed 
to it are correct, amounts to as little as 0.38 per cent- of the original dry weight 
of the collagen. 53 It must be pointed out, however, that such preparations 
are made from the middle part of the coriurn of fully grown animals. It seems 
probable that larger amounts of reticulin may be present, possibly in associa¬ 
tion with elastin, in the grain layer of the skin 107 and that these two proteins 
may comprise in part the resistant- proteins which Wilson 130 has termed the 
“proteins of the grain surface.” 

Elastin 

Elastin, the protein of the yellow elastic tissue, occurs only in small 
amounts in the skin. Of the dry matter of the coriurn, it makes up from a 
few hundredths to about 1 per cent, McLaughlin and Theis 84 found 0.05, 
0.27, and 0.92 per cent- in the corn of calf skin, cow hide, and steer hide, 
respectively, on the dry basis.* Elastin fibers form a- fine network found 
mostly in the upper parts of the skin. Where occasional blood vessels occur 
the elastin content is increased, since this protein makes up a considerable 
proportion of their walls. 

As the name implies, fibers of elastin possess rubber-like elasticity. This 
property is associated in some manner with their moisture content, since the 
diy fibers are not elastic. Elastin is insoluble in organic and aqueous solvents, 
and differs from collagen in being highly resistant to the action of boiling 
water. It is, however, readily susceptible to tryptic digestion, but is appar- 

* These figures refer to the middle 80 per cent of the coriurn thickness, thermostat and 
flesh layers having been removed. 
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cntly only slowly attacked by pepsin. Elastin As usually prepared foi; study 
from the liyamcnltim nuchac , or stretchy neck ligament, of cattle. The 
material is cut into small pieces, extracted with dilute sodium chloride solution, 
washed well, and then extracted repeatedly with boiling wafer to remove 
collagen. It is then extracted with 1 per cent potassium hydroxide solution, 
followed by water and acetic acid. After treating with cold 5 per cent hydro¬ 
chloric acid solution and washing thoroughly in water, it is again extracted 
with boiling water, and finally with hot alcohol and ether, after which it is 
air-dried. 

The amino acid composition of elastin is given in Table 1, the most reliable 
values of which are due to the analysis of Stein and Miller. 128 The protein 
is made up largely of the simpler amino acids, and the deficiencies in those 
with polar side chains are reflected in the indifferent chemical properties and 
limited swelling capacity. 

Practically nothing is known definitely about the fine structure of elastin. 
Astbury considers it to be a member of the group he has characterized as 
existing in the “supcrcon traded” state, to which also belong heat-contracted 
collagen and supereontmeted keratin. As has been discussed previously, 
the essential feature of such structures is the existence of the peptide chains 
in a highly folded condition, which gives rise to the property of long-range 
elasticity. Elastin fibers in the ordinary condition give ari x-ray pattern 
which contains only the amorphous halos characteristic of the supercontracted 
state. According to Kolpak, 68 on stretching and drying elastic ligament a 
pattern of the collagen type is produced, and the absorption of water by the 
stretched ligament produces an increase in the side chain spacing similar to 
that observed with collagen. 

Astbury 5 originally suggested that- elastin is really a member of the collagen 
group possessing an abnormally low thermal transformation temperature. 
Later, however, he came to the conclusion that the collagen pattern observed 
by Kolpak was probably due to collagen present in the ligaments used. 6 It 
was shown that t he collagen diagram was actually present faintly, in an imper¬ 
fectly oriented form, in the x-ray photographs of unstretched, unpurified 
ligaments, and that the only effect of stretching was to orient further the pat¬ 
tern already present. Ligaments from which the collagen had been removed 
by extracting with water failed to give a collagen pattern on stretching, 
although the amorphous diagram showed signs of incipient orientation. In 
view of these facts and the wide discrepancy in the amino acid compositions 
of elastin and collagen, shown by Stein and Miller’s analysis, Astbury 6 there¬ 
fore modified his original view, and has suggested the possibility that elastin 
represents a modification lying between the collagen and keratin groups. 

Elastin fibers are optically isotropic in the unstretched condition; on 
stretching they exhibit positive double refraction. These facts, together with 
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the x-ray observations and physical properties, are in accord with the con¬ 
ception of a structure composed of highly folded or coiled polypeptide chains 
which on stretching unfold to some extent, but tend to return to the original 
unstressed configuration. The actual details of the structure and the mecha¬ 
nism of the process are still obscure. It is possible that the large proportion of 
glycine present may be important in connection with the physical properties. 98 

The Glycoprotein of Skin 

When the corium of skin, carefully freed from soluble components by 
extraction with sodium chloride solution (or by tryptic digestion under 
carefully controlled conditions, followed by extensive washing with water), 
is extracted in the cold with one-half saturated calcium by dioxide solution, a 
material is dissolved which is precipitated on acidification with acetic acid. 
This substance has boon variously termed the interfibrillary substance, 
mucoid, coriomucoid, and coriine. When first precipitated it is a cream- 
colored paste, which rapidly darkens during drying and becomes a brown, 
horny, brittle mass. McLaughlin and Theis 84 found 0.0, 0.4, and 0.45 per 
cent in the curia of calf skin, cow hide, and steer hide, respectively, on the 
dry basis. 

The substance contains about 12 per cent nitrogen and about 2.4 per cent 
sulfur; all of the latter appears to be combined as sulfuric acid. 54 This cor¬ 
responds to a sulfuric acid content of about 7.3 per cent. Halogens and phos¬ 
phorus are absent. The Moliseh reaction is strongly positive, indicating the 
presence of a carbohydrate, but Fehling’s solution is not reduced until after 
hydrolysis with hydrochloric acid. Although van Tier 82 obtained a reducing 
sugar on hydrolysis, Kiintzel and Philips 79 were unable to confirm this. 
According to Grassmann and his co-workers, however, 7.7 per cent, galactose* 
plus glucose, and 1.53 per cent of hexoseamine, are present. These results 
were obtained by spectrophotometric analysis of color reactions produced on 
the hydrolyzato. 

The so-called mucoid of skin was considered by van Lier 8? and others to 
be the interfibrillary or cementing substance of the connective tissue, and 
more or less peculiar to this tissue. Abt and Stiasny 1 and Kiintzcl, 76 however, 
claimed that of the total lime water-soluble, acetic acid-precipitable material 
extracted from skin, larger amounts were derived from the epidermal layers 
than from the corium It is probable that a large part at least of tin* material 
considered by these workers to be mucoid was in reality partially degraded 
keratinous substance, the so-called “keratose.” Kuntzel believed the mucoid 
of skin to be identical with cell proteins occurring in protoplasm in general, 
rather than a specific interfibrillary substance in connective tissue. Accord¬ 
ing to the view of Roddy, 107 the skin mucoid is associated with albumins, 
globulins, and reticulin in the reticular tissue which invests the collagen fiber 
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bundles. Whatever the exact nature of its association with other proteins 
of the skin may be, it seems probable that its function is at least partially 
that of a protective and lubricating agent for the collagen fiber bundles. 

Aside from the few facts already mentioned, little is known of the chemical 
structure of this substance. By analogy with similar, more thoroughly 
studied preparations from cartilage, tendon, etc., it is probable that it is 
composed in part of chondroitin sulfuric acid or a similar sulfuric ester of 
acetylated hexoscamine and hexoseuronic acid, although aside from the early 
poorly characterized work of van Lier there appears to be no report extant 
of the isolation of such an acid from skin mucoid. Considerable confusion 
exists in the terminology and classification of substances exhibiting both a 
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protein and a carbohydrate function, and, although the skin mucoid has 
generally been classed as a glycoprotein, it is not clear that this is necessarily 
correct. On the basis of the system of classification recently proposed by 
Meyer 88 it is probable that the substance would be considered a mucopoly¬ 
saccharide. Chondroitin sulfuric acid and similar polysaccharide acids are 
considered to occur in nature either free or as salt-like complexes with a 
protein moiety. Bungenburgh do Jong, 26 Meyer, and others have shown that 
these acids form complexes with proteins such as gelatin, which are very 
similar in properties to the so-called mucoids. The complexes, formed readily 
by men' mixing of solutions of the respective components, are presumed to be 
salts formed between the sulfuric and carboxylic acid groups of the poly¬ 
saccharide unit, and the basic amino groups of the protein. 

Although the mucoid occurs in comparatively small amounts in the skin, 
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its probable importance, both from a technical and a physiological point of 
view, warrants its further and more detailed investigation. 

Albumins and Globulins 

The albumins and globulins are the chief representatives of the globular 
proteins in the skin, from which they may be extracted by dilute sodium 
chloride solutions. The amounts present, although usually small, vary with 
the age, sex, and probably with the species. Thus McLaughlin and Theis 84 
found 5.1, 1.0, and 1.9 per cent total albumin and globulin in the coria of calf, 
cow, and steer, respectively, on the dry basis. The higher’ value observed 
for calf skin is interesting in view of the fact that these proteins are usually 
considered to be important food materials for the young animal. 

The albumins and globulins are both coagulated by heat . They are both 
soluble in dilute solutions of neutral salts, but the globulins are insoluble in 
pure water. This solubility difference affords a ready means of separating 
the two proteins from a mixed solution in dilute salt solution, since on remov¬ 
ing the salt by dialysis the globulin precipitates, while the albumin remains 
in solution. Th(y may also be roughly separated by various salting out 
procedures. It is usually stated that the globulins are salted out by half 
saturation of the solution with ammonium sulfate, whereas the albumins 
require complete saturation. In the light of modern studies of the physical 
chemistry of the proteins, however, the results of such separations must bo 
interpreted with caution. 

The chief characteristic of these proteins is their great sensitivity to 
changes in physical and chemical environment, which is reflected not only in 
their heat coagulability, but also in their response* to loss drastic influences. 
They arc readily denatured by exposure to light, the presence of certain ions, 
organic 1 reagents, and even by mechanical influences. The process of 
donaturaiion is not well understood, but in general it results in decreased 
solubility, and is thought to involve* fundamental structural changes in the 
organization of the protein molecules. Astbury 8 has advanced the view, 
based on x-ray evidence, that denaturation involves increasing crystallinity 
and tendency of the protein to assume the fibrous type of structure; in this 
view the fibrous proteins might be considered to exist in a completely de¬ 
natured state. 

According to Grassmann and his co-workers, 4f> the globulin of skin con¬ 
tains 15.45 per cent nitrogen, the albumin 15.04 per cent, while each contains 
2.2 per cent of a carbohydrate complex consisting of mannose and galactose. 
One of the principal differences that has been not ed in the chemical composi¬ 
tion of the two proteins in general, is that the albumins appear usually to 
contain no glycine, or only very small amounts, while the globulins usually 
contain this amino acid. 
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It is very probable that the albumins and glojbulins of the skin are closely 
related to, if not identical with, those occurring in the blood stream, from 
which they are probably derived. Roddy 100 has studied the distribution of 
these proteins in calf skin by histological methods, and has found them to be 
present in larger amounts in the epidermal area than in the corium. According 
to him, in the epidermal region they are intimately associated with the 
germinating cells and the erector pili muscles. In the corium they are located 
in the intertibrillary spaces in conjunction with the fibroblasts in their reticular 
networks. 

Lipids 

General Lipid Distribution in the Skin 

The total amount of lipid in the skin varies greatly from individual to 
individual within a given species, and is apparently dependent, among other 
factors, on age, sex, and the dietary habits of the animal. Urbach 136 found 
amounts varying from 0.7 to 10 per cent of the total weight of the skins of 
dogs and of humans. McLaughlin and Theis 84 reported total lipids amounting 
to 0.70, 0.13, and 0.15 per cent on the fresh corium weight, in the coria of 
young steer, cow, and calf, respectively, but these values arc not to be taken 
as necessarily representative. 

Lipids are readily demonstrable in the skin by histological methods, and 
according to Koppenhoefer 73 histological observations on their amount and 
distribution check well with chemical results. It is usually observed in stained 
sections of skin that a more or less variable, but generally large, proportion 
of the. lipid is contained within fat cells, which arc masses of fat surrounded 
by a reticular envelope and deposited here and there among the liber bundles. 
In the corium these occur mostly in the lower parts, near the subcutaneous 
fatty tissue." Only small amounts of lipid are ordinarily observed in the 
middle portion of the corium, unless the skin is unusually high in lipid content. 
The upper parts of the corium, and the epidermal layers, however, are rela¬ 
tively rich in lipids. McLaughlin and Theis 84 found on separating young 
steer corium into three layers, that the upper (27 per cent of the corium weight) 
contained 1.94 per cent of extractable lipid, the middle (48 per cent of the 
weight) 0.28 per cent, and the lower (25 per cent of the weight) 1.03 per cent. 
The distribution of the lipid between the epidermal system, corium, and 
subcutaneous fatty tissue of fresh goat and sheep skins is given in Table 2, 
the data of which are taken from the work of Koppenhoefer. 71 ’ 72 In Koppen- 
hoefer’s work the term “epidermal system, or division,” refers to the portion 
of the skin from the outermost surface to the base of the deepest hair roots, 
and containing, in addition to the true epidermal layers, the fine fibers and 
the wandering cells of the corium minor, and the sebaceous and sudoriferous 
glands. 
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Table 2. Lipid Distribution in Fresh Goal Skin and Fresh Sheep Skin 



Epidermis 

(lout. Skin 

(/onuin 

Hub- 

futnneouH 

Epi- 

dormih 

—Sheep Skin- 

Corium 

Sub¬ 

cutaneous 

% Lipid on dry weight 

9.20 

2.29 

57.1 

21.8 

33.8 

93.0 

Lipoid phosphorus, 

gm/kg dry, lipid-free 
material. 

558 

148 

281 

829 

393 

248 

Cholesterol, gm/kg dry, 
lipid-free material 

18.5 

2 48 

4.34 

45.0 

5.56 

5.54 

Cholesterol (ester), gm/kg 
dry, lipid-free material 

14.1 

1.16 

00 

15.9 

0.63 

0,0 

Free fatty acid, gm/kg 
dry, lipid-free material 

4.55 

1.83 

13.9 

15.9 

7.52 

14.5 

Wax, gm/kg dry, lipid- 
free material. 

19.0 

_ 

__ 

91.5 

- 


Iodine number of ether 
soluble lipids. 

43.7 

58.8 

57.5 




Triglyceride, gm/kg dry, 
lipid-free material ... 




— 

194.3 

824 


Koppenhoefer 70 also made a more detailed investigation of the lipid dis¬ 
tribution in fresh steer hide, which was divided into six horizontal divisions 
for separate extraction and fractionation of the contained lipids. The sum¬ 
marized results of this work are shown in Table 3. Here ihc epidermal horn 
division comprises the outermost epidermal layers, the true epidermis in the 
histological sense; the transition division refers to a layer, about one-twelfth 
to one-thirteenth of the total skin thickness, beginning immediately below 
the base of the deepest hair follicles. The corium major represents slightly 
more than one-half the total skin thickness, beginning immediately below the 
transition division. The corium base comprises the balance of the corium, 
down to, but not including, the subcutaneous fatty tissue. It is e\idcnt 
from the data of Table 3 that the lipid concentration is greatest in the upper 
(horny and basal epidermal) and lower (corium base) layers. It is to be noted 
that, although the corium major division contains the smallest percentage 
of lipid (with the exception of the transition division), it contributes the 
largest actual amount to the total lipid, because it represents a much larger 
proportion of the total weight of the skin. 

In 1934 Koppenhoefer and Ilighberger 74 described a detailed procedure, 
based on the methods of Bloor, 22 for the extraction and fractionation of the 
lipids of the skin. The original paper must be consulted for details, but in 
outline the method consists of extraction of the alcohol dehydrated material 
with boiling alcohol, recovery of the extracted lipids by distillation of the 
alcohol in vacuo (after first cooling and removing a cold alcohol-insoluble 
fraction which may separate), extraction of the residue with ethyl ether, and 
separation of the ether-soluble material into an alcohol-soluble and an alcohol- 
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insoluble fraction. In this manner a rough separation into two groups is 
effected, one of which, the alcohol-soluble fraction, contains most of the. com¬ 
plex lipids, such as cholesterol and the phospholipids, while the other, insoluble 
in alcohol, contains most of the triglycerides, or simple fats. The original cold 
alcohol-insoluble fraction, which is characteristic of the epidermal division, 

Table 3. Lipid Distribution in Fresh Steer Hide. 


Dry material (gm). 

Lipid in dry material (gm). 
Lipid in dry material (%).. 
% of total skin lipid . 

Cholesterol (gm). 

Cholesterol in dry material 

(%) . , . 

Cholesterol of division lipid 

(%) . 

Lipoid P (mg). 

P in dry material (%). 

Acetone-insol uble phospho¬ 
lipid (gm). 

P pptd. as lecithin (%). 

P pptd. as cephalin {%) 

Phosphorus-cholesterol ratio 
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3.39 
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1.01 

0.97 
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11.6 

13,4 

0.0 
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1.02 
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4 06 

1.93 
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2.55 
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1.53 
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3.38 
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378 

4.45 
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27 0 

1.95 

2.44 

7.15 

3.52 

35.6 

21.4 

0.50 

1.17 

0,30 

0.22 

0.063 

0.079 

11 2 

2.60 

1.11 

39.3 

72.2 

16 1 

0.017 

0.0039 

0.0042 

0.38 

1.43 

0.18 

7.2 

C 8.9 

34.5 

18.0 

1 : 12.7 

4.2 

1 : 16.3 

1 : 18.6 

0.49 

1.09 

0 56 

0.21 

0.06 

0.15 

11.1 

4.0 

2.05 



34.5 

21.3 


1.88 

5.65 


77.4 

80.7 

3.82 

8.70 

1.92 

1.68 

0.47 

1.30 

58.4 

55.6 

51.2 

37.8 

2.4 

1.4 


consists largely of waxes. The main alcohol-soluble and alcohol-insoluble 
fractions are each subjected to Bloor’s procedure for the separation of the 
phospholipids, consisting of repeated precipitation from ethereal solution with 
acetone, and finally with alcohol. In this manner three characteristic phos¬ 
pholipid fractions, together with a fraction representing the balance of the 
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lipids, arc obtained from each of the original roughly separated fractions. 
Koppenhoefer has applied this general procedure to the study of skin lipids 
with notable success, and the more important results of his work on steer hide 
w y ill be discussed in detail under the headings of the important lipid con¬ 
stituents of the skin. Some of the results of liis studies of the lipids of goat 71 
and sheep skins 72 have already been given in Table 2, and the original papers 
must be consulted for further details. It will suffice here to say that in 
general, and with minor variations, the lipid picture for these skins is essen¬ 
tially similar to that discussed below for steer hide. 

In their original work on the skin fats, McLaughlin and Theis 84 found that 
the addition of acetic acid to the solvent (acetone) during the extraction of the 
corium lipids greatly increased the amount of material extractable. Owing 
to the presence of additional lipid, as well as nitrogenous material, in these 
extracts, they concluded that a part of the corium lipids was bound to the 
proteins, and required hydrolysis in order to permit extraction. Koppen¬ 
hoefer 70 later found, however, that 98 per cent of the total lipid could be 
extracted by his procedure, and attributed the results of the former workers 
to the liberation of mechanically held lipid by the partial hydrolysis It is 
evident from his results that firmly bound lipids, if they exist at all, must be 
very small in amount, although the possibility exists of loose, easily dissociated 
complexes between the lipids and other substances. 

Triglycerides 

The triglycerides or fats are the esters of the fatty acids with the t rihydric 
alcohol glycerol. They may be either simple, where all three acid radicals 
are the same, or mixed, where different fatty acid radicals are present in the 
same molecule. From the work of the last few years it would appear that 
most of the natural fats are composed largely of the latter type. The glycer¬ 
ides of the higher fatty acids are insoluble in water and soluble in organic 
solvents such as ether, chloroform, benzene, etc. They are readily soluble 
in hot alcohol and acetone but usually only slightly soluble in these solvents 
in the cold. 

The distribution of the alcohol-insoluble fraction among the various 
divisions of fresh steer hide is shown in Table 3, from which it is seen to occur 
predominantly in the corium, where it makes up from 77 to 80 per cent of the 
total corium lipids, and consists largely of triglycerides. In the epidermal 
region, on the other hand, triglycerides are found only to a small extent, the 
main alcohol-insoluble fraction here constituting only from 9 to about 14 
per cent of the epidermal lipids, and containing, in addition to triglycerides, 
large quantities of more complex lipids. Koppenhoefer and Highberger 74 found 
the amount of the main alcohol-insoluble fraction in the corium to be quite 
variable from skin to skin, and showed that its analysis was nearly identical 
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with that of the lipid of the subcutaneous fatty tissue. They concluded from 
this that the triglycerides of this fraction represented the fat stored in the fat 
cells of the corium. Application of the lead salt-ether procedure to the curium 
triglycerides showed that they consisted of about 05 per cent liquid and 35 
per cent solid fatty acids. Oleic was found to be the principal liquid acid, 
and palmitic and stearic the chief solid acids present. 

Phospholipids 

The phospholipids are substituted fats containing phosphoric acid and a 
nitrogen base. Three well defined groups are recognized: the lecithins, 
cephalins, and sphingomyelins. Of these, lecithins and cephalins arc always 
found in the skin, with lecithin in the larger amounts; small percentages of 
sphingomyelin may or may not be present. 70 

The lecithins ami cephalins contain one molecule of glycerol, two of fatty 
acid, one of phosphoric acid, and one of organic base, which is choline 
(trimethyl -jS-hydroxycthylammonium hydroxide) in the lecithins and amino 
ethyl alcohol in the cephalins. The structure is usually taken as 

CH*~OOOK 

Ah-~OOCRi 

I 0 

C lhr - (>—P—O*~C,H <N (CII«) ,OI 1 

A 

H 

for lecithin, where It and Ri represent fatty acid radicals. Cephalin is supposed 
to have essentially the same structure, all hough this is not definitely estab¬ 
lished, with the substitution of amino ethyl alcohol for choline, and possible 
differences in the fatty acids. The difference between various lecithins, and 
between various cephalins, resides largely in the nature and arrangement of the 
fatty acids present. These may be such acids as stearic, palmitic, oleic, lino- 
lenic, linoleie, etc. The lecithins and cephalins usually contain one saturated 
and one unsaturated acid, although atypical members are known, and accord¬ 
ing to Koppeiihocfer 70 only liquid acids can be separated from the fatty acids 
of the skin phospholipids by the lead salt-ether procedure. 

The lecithins and cephalins are waxy substances which oxidize readily in 
the air. They arc characteristically insoluble in acetone, but soluble in other 
ordinary fat solvents. Cephalin, however, is insoluble in alcohol, and this 
property is utilized in its separation from lecithin. Both phospholipids are 
hygroscopic, miscible with water to form colloidal sols, and capable of acting 
as emulsifying agents. They are amphoteric^ and readily form salt-like 
combinations with other substances. 

Sphingomyelin differs from the lecithins and cephalins in containing no 
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glycerol, and in the presence of two organic bases, one of which may be 
either choline or neurine, while the other is sphingosinc, an unsaturated 
hydroxylated amino alcohol. Only one fatty acid radical is supposed to be 
present, but three acids, lignoceric, cerebronic, and stearic, have been isolated 
from various preparations. Levene’s formula for sphingomyelin is 

0—C, 7 Hit(OTI)NII—OCC»H47 

0=P—-OH 

\ 

o— c 2 H4N((;h s )»oii 

In its properties sphingomyelin differs from the lecithins and cephalins chiefly 
in its greater resistance to oxidation in the air, and in its insolubility in hot 
or cold ether. 

The phospholipids are closely associated with the physiological activity 
of all living cells, but their exact function is still unknown, although it has 
been stated to be probably connected with the metabolism of the fatty acids. 23 
It seems probable also that their marked stabilizing influence, on colloidal 
emulsions is of importance in the tissues. Koppenhoefer and Highberger 74 
found that the complex lipid fraction of the curium bears a constant weight 
relation to the corium among different skins, and the data of Table 3 show 
that the distribution of lipoid phosphorus is practically constant throughout 
the corium. These facts are in accord with what would be expected from the 
physiological importance of the phospholipids. The lipoid phosphorus 
reaches a maximum in the basal epidermal layer, which contains nucleated 
cells and is the site of greatest physiological activity in the skin. The amount 
decreases in the epidermal horn layer, and falls to zero in the hair. This 
decrease in phospholipid as the outer surfaces of the skin are approached has 
been attributed by Kooyman, 60 Koppenhoefer, 70 and others to decomposition 
accompanying the processes of keratinization. 

Table 4, taken from Koppenhoefer’s work, gives the analyses of the 
lecithin fractions isolated from the various divisions of fresh steer hide. The 
decrease in iodine number and increase in hydroxylation (as indicated by the 

'table 4. Analyses of Lecithin Fractions (Fresh Steer Hide) 
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0.89 
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1.29 
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60.6 

67.7 
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% fatty acid. .. 

59.7 

68.4 

61.6 

Mean mol. wt. 
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I No. 

66.5 

77.2 

83.0 

Saponification No.. 

191.5 

171.7 

183.5 

Acetyl value . . . 

74.9 

52.1 

51,2 

% unsaponifiablc. 

13.0 

8.5 

7,0 

I No. 

45.4 

77.1 

102.3 

% cholesterol. 

4.4 

6.4 

1.0 

% lipoid phosjphorus. 

2.83 

3.82 
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acetyl value) as the outer surfaces of the skin are approached are indicative 
of oxidative degeneration of the phospholipids. The high molecular weights 
of the fatty acids indicate polymerization or lactone formation, and this 
also increases toward the outer layers. 


Cholesterol 

Cholesterol is the characteristic sterol, or vsolid alcohol, of animal tissues. 
It is soluble in the ordinary fat solvents, including hot alcohol, but is only 
sparingly soluble in cold alcohol. Although it is insoluble in water, it has the 
peculiar property of prompting the absorption of water by fats. Cholesterol 
is found in all animal cells, particularly in nerve tissues and in the brain. 
It may occur either free or as an ester in combination with the higher fatty 
acids. It is related structurally to such physiologically important substances 
as the bile acids, vitamin D, the sex hormones, and others. In spite of its 
obvious importance, its physiological function in the tissues is not well under¬ 
stood. According to Windaus, 140 the structure of cholesterol is 


cn 3 cm 


n 2 c 

none 


H 2 H I 

c I c—cn(oii 2 ) a cn(rH 8 )2 

ICH 



ca 2 


Unna and Golodetz 134 found that the cholesterol of skin was associated 
particularly with the epidermal layers, where together with phospholipids, 
waxes, and free fatty acids, it makes up a large part of the total lipid. These 
investigators also observed an increase in cholesterol ester toward the outer 
surfaces, which they believed to be connected with the processes of keratiniza- 
tion. Similar studies have been made by Eckstein and Wile, 32 and by 
Kooyman. 69 The distribution of total cholesterol in fresh steer hide is shown 
in Table 3, from which it is seen that it increases from a small but uniformly 
distributed amount in the corium to a maximum in the epidermal horn layet*. 
Cholesterol and the phospholipids are probably closely associated in phys¬ 
iological activity. Koppenhoefer 70 found the cholesterol of the corium to 
exist in the free state, whereas in the epidermis a large proportion is esterified. 
The cholesterol esters existing in the epidermal layers of the skin are probably 
derived from the sebaceous secretions, which Koppenhoefer showed to 
contain cholesterol only in the esterified form. His analysis of the sebaceous 
secretion (sebum) obtained from fresh steer hide is given in Table 5. The 
esterification of the cholesterol is probably associated with the break-down 
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of the phospholipids, part of the fatty acids liberated from the latter com¬ 
bining with the cholesterol to form esters. The cholesterol also undergoes 
partial oxidation in the outer layers, as is shown by the presence of hydroxy- 
cholesterol in the horny, but not in the basal epidermal division. 70 

Roffo 109 has shown that the more exposed parts of the skin contain more 
cholesterol than the unexposed parts, and that exposure to sunlight increases 
the cholesterol content. 109 ’ 110 

Waxes 

The waxes are esters of the higher fatty acids, in which the alcohol is not 
glycerol, but is usually a saturated monohydric, alcohol or sterol. Waxes 
may be either liquid or solid. In properties they differ primarily from the 
fats and oils in their much greater chemical inertness, the source of their value 
as protective coatings. 


Table 5. Analysis of Sebum 

(Steer Hide). 

1 No.. . . 

32.0 

4cid value .. 

10.1 

Saponification No . 

154.8 

% fatty acid 

57.4 

Mean mol, wt 

240.1 

I No. .. 

27 3 

Acetyl value ... 

74.9 

% unsapoiufiablc . 

42.7 

1 No. 

30.0 

% total cholesterol. 

14.4 

% osterified cholesterol 

13 7 

% lipoid phosphorus 

0.150 


From Table 3 it may be seen that the waxes of skin are entirely confined 
to the epidermal region, where t hey compose from 25 to 35 per cent of the lipid. 
Table f>, taken from Koppenhoefer, 70 show’s the analysis of the wax fractions 
isolated from the three epidermal divisions. The wax fractions isolated in 
this manner contain only relatively small amounts of cholesterol esters (but 
no free cholesterol), the bulk of which occur in the main alcohohsoluble 
fractions. By comparison of the analyses of these wax fractions with that 
of the w’hole sebaceous secretion (see Table 5), which contains considerable 
quantities of cholesterol esters, Koppenhoefer concluded that two distinct* 
types of waxes are present. One group is composed of esters of higher 
aliphatic alcohols and saturated hydroxy acids, while the other consists of 
cholesterol esters in which the acids are more unsaturated. The saturated, 
oxidized nature of the fatty acids of the first type is evident in the iodine 
numbers and acetyl values of Table (>; the iodine number of the fatty acids 
in Table 5 shows the more unsaturated nature of the acids associated with the 
cholesterol. Koppenhoefer and Highberger 74 isolated isohydroxystearic and 
stearic acids and arachyl alcohol (n-eicosanol) from the epidermal waxes. 
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Table 6. Analyses of Wax Fractions (Fresh Steer Hide). 
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4.9 

6.5 

Saponification No. 
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175.6 
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% fatty acid 

75.4 

59.2 
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91.1 

85.4 

79.2 
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45.4 
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6 2 

7.4 
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7 2 

6.2 
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According to Kopponhoefer, 70 some lower chain alcohols and acids are also 
probably present . 

The waxes of the epidermal region probably are largely, if not entirely, 
derived from the sebaceous secretion, in which form they are exuded upon 
the surface of the skin to form a protective coating. The formation of the 
cholesterol esters, associated with the hydrolytic and oxidative break-down 
of the phospholipids, has already been discussed. It is possible 1 that disin¬ 
tegration of t he epidermal cells during keratinizalion may furnish an additional 
source of waxes. 

Free Fatty Acids 

In studying the lipids existing on the outer surface of the skin, Kooyman 69 
found that they had a high content of free fatty acids. From Table 3 it 
may be seen that there is a gradual increase in free fatty acid content from 
the inner to the outer layers of the skin. In the horny epidermal division 
they comprise neaily IS per cent of the total lipid, while the lipid of the hair 
contains about 27 per cent. Kooyman suggested that the high free fatty 
acid content of the surface lipids was due to the break-down of the lipids by 
bacteria or lipolytic enzymes. 

Koppenhocfer 70 studied the free fatty acids present in the various skin 
divisions, and found that those of the basal epidermal division varied con¬ 
siderably in character from the combined acids present, showing greater 
hydroxylation and higher molecular weights than the latter In the epidermal 
horn division, however, they were similar to the combined acids except for 
a slightly greater acetyl value, bom which it, was concluded that some 
hvdroxylation occurred after hydrolysis. The great increase in hydroxy la¬ 
tion of the total fatty acids as the outer layers of the skin are approached is 
shown in Table 3. 

( 'akbohvdkatks 

Skin contains only small proportions of carbohydrates. It has been 
stated that the superficial layers of the skin contain more than the lower. 
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The total carbohydrate content may be divided into three classes: (1) that 
intimately related to the blood sugar, and probably derived from it; (2) glyco¬ 
gen; and (3) that bound as an integral part of a protein. 

Little if any work has been done on the first two classes in connection with 
leather-producing skins, and here our knowledge must be derived largely 
from medical investigations on human skin. Trimble and Carey, 130 from 
results on a group of diabetic and non-diabetic persons, found that elevation 
of the blood sugar concentration was accompanied by a marked increase in 
the sugar content of the skin, while that in the muscle was smaller. In the 
non-diabetic group the true sugar content (difference between total reducing 
substances and non-fermentable reducing substances) averaged 56 mg per 
cent. Folin, Trimble, and Newman 35 had previously shown that intra¬ 
venous injection of glucose caused almost as high concentration of sugar 
in the skin as in the blood. They consider that there is a passive diffusion 
of sugar from blood to skin, and vice versa. Rapid elevation of the blood 
sugar level causes an immediate rapid distribution of sugar into the skin. 
The process is reversed when the blood sugar level falls below that of the skin, 
the skin sugar then diffusing back into the blood stream. 

Skin contains a small amount of glycogen, the starch-like, polymerized 
form of glucose used by the body as a reserve store of food. It is claimed 
that embryonic skin contains larger amounts of glycogen, and that this 
decreases during fetal life, becoming quite small at birth. Glycogen is said 
to occur in normal skin in the stratum between the horny (outermost 
epithelial) and granular layers, in the secretory sweat cells, and in the hair 
follicle openings. According to Folin, Trimble, and Newman, 35 injection of 
glucose into the blood stream does not promote glycogen formation in the 
skin. They found, for instance, 17 mg per cent in normal skin before injec¬ 
tion, and 16 mg per cent 2 hours later. 

The known source's of bound carbohydrate in the skin have already 
been indicated to be the proteins collagen, albumins and globulins, and the 
skin mucoid. The carbohydrates of the latter two have already been dis¬ 
cussed in connection with the respective proteins. According to the spec- 
tropliotometric results of Grassmann and his co-workers, 46 collagen contains 
about 0.65 per cent of a disaccharide composed of galactose and glucose. 
Beek 13 has also studied the carbohydrate of collagen, and has shown by means 
of a fermentation technique that the collagen hydrolyzate contains no con¬ 
siderable amount of either free d-glueose or free d-galactosc. His spectro- 
photometric results on the color reactions of a concentrate of the carbohydrate 
complex were, however, closely similar to those obtained with a mixture of 
equal quantities of glucose and galactose, from which it was concluded that 
the carbohydrate either is bound by a difficultly hydrolyzable linkage, or is 
composed of a mixture of /-glucose and Z-galaetose. 
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Grassmann points out that, although collagen contains the smallest 
percentage of carbohydrate in comparison to the other skin proteins, it never¬ 
theless accounts for the larger part of the carbohydrate content of the skin, 
owing to the large proportion of the skin’s substance which is made up of 
this protein. 

Mineral Constituents 

The principal mineral elements present in the skin are sodium, potassium, 
calcium, magnesium, and phosphorus. These are probably combined as 
chlorides, sulfates, carbonates, and phosphates. A portion of the phosphorus 
is accounted for by the phospholipids. There are practically no data avail¬ 
able, however, which permit definite conclusions as to the mode of combina¬ 
tion of the mineral elements in general. Most of the data available have 
been obtained by the analysis of the ash, which of course reveals little on this 
point. The total mineral matter of the corium of leather-producing skins is 
usually of the order of 1 per cent, expressed as ash on the dry basis. It is 
probable that a large part of the mineral content of the skin is derived from 
salts present in the blood and lymph. Roddy and O’Fiaherty 108 have studied 
the distribution of the mineral matter in fresh calf skin, using a micro- 
incineration technique. They found the total mineral matter present to be 
divisible into two fractions, one of which was readily diffusible when the skin 
w as soaked in waiter before incineration, while the other was not. The latter 
fraction was small in amount. Both groups appeared to be fairly uniformly 
distributed throughout both the epidermal and corium areas, being associated 
with the epidermal cells and with the fibroblasts and fibers in the corium. 
According to Gans, 88 the potassium of skin is largely localized in the epidermis, 
whereas most- of the calcium is found in the corium. 

The analyses of steer, cow r , calf, bull, and heifer coria reported by 
McLaughlin and Theis 84 revealed definite differences ascribable to age and 
sex.* Calcium and phosphorus were found to be low r in the skins of the cow 
and the heifer, and calf skin contained the highest amounts of magnesium, 
sulfur, and phosphorus. Additional data are those of Brown 26 on the skins 
of man, dog, and rabbit, f and those of Loewy and Cronheim, 88 shown in 
Table 7, on the skins of the rat and the guinea pig. Both these sets of data 
indicate the extreme variability which occurs in the mineral content of the 
skin even within a given species. A portion of this variability may be ascribed 
to variations in the amount of blood and plasma retained within the skin 
at the time of death, but this seems unlikely to account for the whole of the 
differences, particularly since pains were taken in most cases to adopt a 
uniform bleeding procedure in order to avoid this variable. 

_ * The data of McLaughlin and Theis are given as Table III on page 95, Vol. I, second 
edition of this monograph. 

t Brown's data are given in Table IV on page 95 of Vol I. 
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Table 7. Mineral Constituents of Rat and Guinea-Pip; Skin 
(Date of Loewy and Cronhoim) 

Hat Gumuft Pig 

-(Mg pci 1(K) gm di\ skin)- 


Chlorine . 

033 - 

144! 

507 - 1817 

Potassium. 

371 - 

446 

215 - 244 

Calcium. 

63.7 - 

80 6 

100 

Sodium.... . 

212 - 

247 

252 - 411 

Magnesium 

20.3 - 

27.5 

30.3 - 54.5 


The small amounts of iron (about 1 mg per 100 gm on the fresh weight) 
found in the skin are probably to be largely ascribed to the blood hemoglobin, 
although it is also a constituent of the nuclei and chromatin of cells. Hair 
also contains iron, which is said to be lowest in ihe black and highest in the 
brown varieties. Silica occurs in small quantities, usually in the curium. 
Brown 55 iound the amount in the skin to increase dciinitely with age. An 
average of 0.041 gram Sit >2 per kilogram of fat-free skin is reported by 
Schultz. 118 

Sarata 116 has determined the amounts and distribution of copper in the 
skins of mottled cats and dogs, with special'reference to pigmentation. He 
found the copper content of dark hair (about. 0 6 to 0.7 mg per 100 gm) to be 
higher than that of colorless hair (0.4 to 0.5 mg per 100 gm). The skin under 
the pigmented hair showed a higher copper content than that under the 
colorless. Apparently copper is related to the formation of the melon inns. 

Zinc is found in small amounts in the skin and hair. The latter is said 
to contain 9 mg per kg. m Eggleton, 33 on the other hand, has reported higher 
values, ranging from 255 ppm of fat-free, dry hair, to 20 ppm in the skin. 

Tin occurs in small amounts in the skin. Values in the range 0.5 to J mg 
per 100 gm have been reported. 133 

Arsenic is said to occur in normal skin to the extent of about 0.020 per cent. 
The skin and hair, in which it is pathologically deposited, appear to be one of 
the main pathways of elimination of this toxic element. 

Lead is also deposited in the skin and hair in cases of plnmbism, although 
a veiy small amount is apparently present normally. 

Fluorine is said to he present in traces, chiefly in the hair, nails, and 
epidermis. 

Iodine is reported to exist in higher concentrations in the skin than in the 
blood. The content in normal human skin is from 150 to 200 gamma per 
100 gm. 46 

In summarizing the available data on the mineral content of the skin, it 
is apparent that considerable variation exists, which may be due to age, sex 
location on the body, and to individual variation within the species which 
may be largely a reflection of the diet of the animal. 
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Water 

Like other body tissues, the skin is largely composed of water. The 
amount present varies somewhat with species, sex, location on the body, 
and with age and physiological condition, but in general it is between 60 and 
70 per cent. McLaughlin and Theis 84 found 61.0 per cent for fresh steer 
corium, 63.11 per cent for fresh cow curium, and 63.35 per cent for fresh calf 
corium. It has been stated that in infancy the normal water content of human 
skin is 81 to 82 per cent, and in old age 72 to 74 per cent, so that there is some 
evidence of a decrease in water content with age. In cattle skins a similar 
but less pronounced effect may bo seen. 

The water-holding capacity of the skin is certainly related to its function 
as one of the chief temperature regulators of the body. Excess heat pro¬ 
duced by vigorous muscular activity must be dissipated, and one of the princi¬ 
pal ways in which this is accomplished is by the evaporation of water from 
the skin surface. It would appear that in general the outer layers of tins 
skin, with the exception of the very outermost, horny layer, contain more 
water than the inner strata. McLaughlin and Theis 84 found that the top 
section of whole fresh steer hide, amounting to 20 per cent of the total weight, 
contained 74.35 per cent water, the middle section, constituting 50 per cent 
of the weight., contained 61.00 per cent, and the bottom section, 30 per cent 
of the weight, contained 20.78 per cent. The low value found for the bottom 
section is probably to be attributed largely to the inclusion of a high propor¬ 
tion of fatty tissues. 

The water-holding capacity of the skin is due in large part to the proteins 
present. The existence of rigid gelatin gels in which the solid material con¬ 
stitutes less than 10 per cent of the total weight is a familiar example of the 
great, ability of the proteins to hold water. The skin, of course, is not a gel, 
but owing to the relation between collagen and gelatin the forces by which 
gelatin associates water with itself may be presumed to be similar to those 
acting in the cast* of collagen in the skin. The study of such gels, as well as 
of various animal and plant tissues, has shown that the water in such systems 
does not. display uniform properties. In general, the water in protein-water 
systems containing 30-35 per cent or less of water behaves differently in many 
respects from the additional water present at higher moisture values. 14at- 
schek 60 showed, for example, that a gelatin gel containing cobalt chloride 
showed the pink color of the hydrated salt, but on drying the gel the color 
changed to the blue of the anhydrous salt at a moisture content of 33 per cent. 
The water existing in such a system below this critical range, and which 
exhibits properties different from those of ordinary water, is usually called 
“bound” water; the remaining water may be called “free” water. Some 
workers prefer to speak of firmly bound and of loosely bound water. Several 
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methods depending on the difference in thermodynamic and osmotic prop¬ 
erties between these two types have been devised for studying them. 

The question arises as to the nature of the forces holding the bound water 
to the protein. Evidence has accumulated during the past few years which 
shows that the hydrogen atom can act, under certain conditions, as a bridge 
or connector between two molecules, or between certain groups in the same 
large molecule. The resulting bond is called a hydrogen bond , or hydrogen 
bridge, and has already been referred to in connection with the structures 
of the fibrous proteins. Since the hydrogen atom is capable of forming only 
one normal covalent bond, the hydrogen bond must be of a special type. 
Study of the conditions under which it is formed has: shown that it is largely 
ionic in type, being formed only between the most electronegative atoms such 
as fluorine, oxygen, and nitrogen. The capacity of the hydrogen atom to 
act under these conditions as a bare proton of very small size permits the 
attracted anions to approach very close to one another. Consequently the 
formation of the bond will be favored by conditions which promote the ionic 
character of the bond, such as resonance with structures in which the nega¬ 
tivity of the bridged atoms is increased. 

The existence of hydrogen bonds in water itself is Largely responsible for 
the unique physical properties of this substance 1 . It has been stated 101 that 
if hydrogen bonds did not exist in water its melting and boiling points would 
be about -100° C and - 80° C, respectively. X-ray analysis and other 
methods of investigation have shown that in ice crystals each oxygen atom is 
surrounded tetrahedrally by four hydrogen atoms, giving a structure which 
may be represented as 

11 

i I 

H-O-H-1>~ - 

' A 

i 

-H-o-II 

I 



where each hydrogen atom is attracted toward an unshared electron pair of 
the oxygen atom of a neighboring molecule. It should be noted that the 
oxygen and hydrogen atoms of the water molecules are not co-linear; the 
H—0—H valence angle approximates to the tetrahedral angle of about 109°. 
It has been shown by the study of Raman spectra 30 that in ice at a very low 
temperature the coordination is nearly complete, with each molecule forming 
four hydrogen bonds. As the temperature is raised, more and more of the 
bonds are broken, but a large number still persists in the liquid phase even 

at the boiling point. 

Jordan Lloyd and Phillips 61 pointed out in 1932 that the oxygen and nitro- 
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gen atoms of proteins presented a number of possibilities for the coordination 
of water molecules to these structures. Thus it was suggested that the 
carbonyl, hydroxyl, carboxyl, amino, and imino groups could coordinate 
water molecules by virtue of the unshared electron pairs on their oxygen or 
nitrogen atoms: 
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In addition, the hydrogen atoms of the last four of these groups should be 
capable of coordinating with the unshared electron pairs of the water oxygen: 
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Jordan Lloyd and Phillips suggested that water thus coordinated to the 
protein structure constitutes the firmly bound water of protein-water systems. 
The loosely bound water was considered to be held by the orientation of 
water dipoles around the charged centers existing on the side chains. Accord¬ 
ing to these authors, hydration along the protein backbones will be slight, 
owing to the presence of direct carbonyLimino linkages between adjacent 
chains, which, especially in the fibrous proteins, would reduce the amount of 
firmly bound water. Jordan Lloyd 60 has calculated, on the basis of one water 
molecule to each coordination center in N the backbones and side chains of 
gelatin having an assumed molecular weight of 34,500, that about 900 water 
molecules could coordinate with one molecule of gelatin. This checks reason¬ 
ably well with the figure of 960 firmly bound water molecules calculated from 
experimental results on the same molecular weight basis. 

Sponsler, Bath, and Ellis 125 have made a more detailed calculation of a 
similar nature. Assuming a chain length for gelatin of 288 amino acid 
residues, with a molecular weight of about 27,000, and estimating 450 to 500 
water molecules as coordinated along the backbone, they find a total of 800 
to 850 bound water molecules per molecule of gelatin. On the basis of the 
same assumptions the experimentally determined bound water calculates 
to about 750 water molecules . These authors also point out that it is probable 

that not all of the possible coordination points along the backbone will be 
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occupied by water molecules (probably this is especially true of the fibrous 
proteins), and that consequently several x-ray reflections may be expected 
from the backbone space, according to whether or not it is interleaved with 
water molecules. The fusion of these interferences may give rise to the 
generally poorly defined character of the backbone reflection observed in 
proteins. 

Huggins 57 suggests that the bound water of isoelectric gelatin may be 
largely held by insertion of the water molecules between the most accessible 
hydrogen bridges, 
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and that absorption of additional water involves the formation of water-to- 
water bridges. 

The bound water of tissue probably play** at least two roles. It. is known 
that when proteins lose too much water they become denatured and changed 
in properties. Proteins, including the fibrous proteins, which have been 
subjected to drastic desiccation, are unable to rehydrate and swell to 1 he same 
extent as the normal protein. The bound water may be considered to act 
as a protection against such denaturaiion. In addition, it probably also 
forms a reserve source which may be drawn upon to maintain the necessary 
free water in the tissue. No hard and fast limits can be drawn between the 
various types of water; it seems possible that water in several degrees of 
firmness of binding may be present, and that these art* all in a state of dynamic 
equilibrium with each other and with the free water. 

Skin Pigments 

The pigments of the skin are apparently to be considered as in the nature 
of light-absorbing protective filters, although little is known of their real 
function or chemical structure. The actual ehromogenic substances involved 
in pigmentation are called mdaniries . Although this term has been widely 
used to include both the ehromogenic substances and the conjugated proteins 
in which they apparently form the prosthetic group, according to Gortner 44 
the latter should be called m da noproteins. Gortner 43 showed that substances 
of the latter class could be ex track'd by dilute alkali from pigmented hair or 
wool. They are brownish black or black substances which are insoluble in 
most solvents, including strong acids. 

The melanines are formed by the oxidation of dihydroxyphenylalanine 
(“dopa”) by an enzyme in the skin, called dopa oxidase. It occurs in the 
melanoblasts of the epidermis, and may be demonstrated by soaking skin 
sections in dilute dopa solutions, when melanine is formed. Albino skins 
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apparently do not contain dopa oxidase, whereas heavily pigmented skins, 
such as that of the negro, give strong reactions. It has been stated that 
ultraviolet light converts tyrosine into dopa, and this, followed by melanine 
formation through the action of dopa oxidase, may be the mechanism of the 
darkening of the skin by the prolonged action of strong sunlight. 

Enzvmes of the Skin 

Nearly all the enzymes found in other tissues of the body have also been 
demonstrated in the skin. This is scarcely surprising, in view of the close 
connection of enzymes with all living processes. Many of the enzymes, how¬ 
ever, occur to a much smaller extent in the skin than mother more physiologi¬ 
cally active tissues, as would also be expected. Apparently the first recorded 
investigations of skin enzymes were those of Sexmith and Petersen, 119 who 
worked with aqueous suspensions of dried skin powder. Other workers have 
used cold water extracts of pulped skin, and the juices expressed from skin 
by means of high pressures. 

From the technical point of view' probably the most important enzymes 
in the skin are those concerned with the autolysis, or self-digestion of the 
tissue. In the absence of bacterial action post-mortem chemical changes 
occurring in the skin may be presumed to be largely due to the action of these 
enzymes. The chief enzyme involved in the digestion of the proteins of 
animal tissue during autolysis is called cathepsin. It is a proteinase w 7 hich 
hydrolyzes high molecular weight proteins to proteoses and peptones, and 
also acts on lower peptides. It is inactive in neutral or alkaline solution, 
requiring a. pH of 4 to 5 for its maximum action. Thus the digestion of the 
tissue during life is prevented by an unfavorable reaction, while after death 
acidification by the accumulation of lactic and other acids permits the 
cathepsin to act on the proteins. According to Bergmann and his co-workers, 37 
cathepsin is a complex of at, least four proteolytic enzymes possessing different 
specificities. 

The negative finding of Wohlgemuth and Yamasaki, 142 who were unable 
to demonstrate the presence of proteolytic, enzymes in adult human skin, 
although they confirmed the results of others that skin is autolyzablc, is attrib¬ 
uted by Rothman 113 to the fact that the pH values of their extracts were 
unsuitable for the enzymatic action. Sexmith and Petersen 119 showed that 
skin extracts digest casein in weakly acid, but not in weakly alkaline, solution. 
They found the activity fin extracts of adult human and other mammalian 
skins to be about one-half that of comparable liver extracts (the cathepsin 
content of the liver is relatively high, among the organs of the body). While 
adult mammalian skins show* considerable autolytic pow r er, the skins of young 
animals apparently do not undergo autolysis, according to these investigators. 
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They attribute this to a predominance of synthetic processes in the younger 
tissue. 

According to Blazso, 19 skins from pigmented and unpigmented animals 
autolyze differently. Unpigmented rabbit skins autolyze at about the same 
rate at all pH values from 3.8 to 7.3, but skins from pigmented rabbits 
frequently show a three-fold increase in autolysis at pH 3.8. The same is 
true of skin from pigmented and unpigmented areas of the same animal. 
Monacelli 93 has found that granules containing phospholipids appear in 
human skin during autolysis. The phospholipids are believed to be derived 
from the decomposition of lipoproteins, 

Sexmith and Petersen 119 found that peptidases (which they detected by 
their action on Witters peptone) occurred in large amounts in the skins of 
young animals, but only in traces in adult human and animal skin. Wohlge¬ 
muth and Yamasaki 142 have demonstrated in adult skin a dipeptidase which 
splits glycyl-trypto] )hane. 

Nucleotidase, the enzyme which decomposes nucleic acid to phosphoric 
acid and nucleosides, is present in the skin, according to Wohlgemuth and 
Klopstock. 141 Free phosphoric acid is formed in skin extracts during autolysis 
by the action of this enzyme. 

Lipases capable of splitting tributyrin and tristearin were shown to be 
present in skin by Porter, 104 who also found lecithinases and cholesterol esterase 
to be present, the latter in large amounts. According to Sexmith and Peter¬ 
sen, 119 the lipases of skin differ from serum lipase in being more act ive against 
esters of low molecular weight, such as ethyl butyrate, than against true fats. 

Amylase, the starch-splitting enzyme, has been known for a long time to 
be a normal constituent of the perspiration. Wohlgemuth and Yamasaki 142 
found it to occur in large amounts in the skin itself, mostly in the epidermis 
and in the subcutaneous fatty tissues. Fetal skin is said to contain more 
than adult skin, 142 and animal skin much more than human. 

The presence in skin of glutathione, the tripeptide glutamyl-cysteinyl- 
glycine, which is intimately involved in the oxidation-reduction systems of 
the body tissues, has been both affirmed and denied. Kaye fir> found a substance 
which gave the nitroprusside reaction for free sulfhydryl groups in the cells 
of the epidermis and the hair follicles. Kaye's results indicated that the 
substance could be extracted from the tissue with water, and it was accord¬ 
ingly concluded that it was glutathione. According to Walker, 138 however, 
the substance responsible for the nitroprusside reaction was not extractable 
by water, alcohol, or ether, and could therefore not be glutathione. The 
question was later investigated by Giroud and Bulliard, 41 who confirmed 
Kaye's conclusion, although they found the substance to be extractable by 
water with difficulty. This was attributed to its being complexly bound in 
the tissue. 
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According to Melczer, 87 the hydrogen peroxide-decomposing enzyme, 
catalase, occurs in all strata of the skin. Various oxidases are also present. 
Chief among these is that specific for dihydroxyphenylalanine, the so-called 
dopa oxidase, which has already been discussed in connection with pigment 
formation. 

Space does not permit the discussion of numerous other enzymes which 
have been found in the skin. 
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Chapter 4 

Combination of Proteins with Acids, Bases, 

Salts and Heavy Metals 

The protein material of which collagen, sericin, fibroin, hair or wool is 
composed, contains a number of reactive groups capable of fixing acid or base. 
Undoubtedly these same reactive groups play an important role not only in 
combining with acid or base but as well with formaldehyde, vegetable tannins, 
quinone, chromium, or aluminum and other metallic salts and dyes. 

Proteins themselves, as has been already noted, are extremely complex 
bodies built up of many amino acids bound together through peptide linkage 
between the a-amino group of one and the a-carboxyl group of another. 
Proteins are essentially extremely long polypeptide chains. In addition to 
the elongated chain, the elementary protein fibers or molecules are further 
linked together through both primary and secondary valency forces. Most 
proteins yield upon analysis certain amino acids containing more than one 
carboxylic group, such as aspartic, glutamic and hydroxy-glutamic acids, 
and certain amino acids containing more than one basic group, such as lysine, 
arginine and histidine. It is rather self-evident that when these dibasic or 
dicarboxylic acids are bound into the peptide chain through the carboxylic 
and amino groups of the a-carbon atom, the elementary protein fiber must 
then exhibit acid or basic qualities due to the unbound carboxylic or amino 
groups present in these particular amino acid side chains. Thus in the 
complex protein we find the elementary fibers bound together longitudinally 
by primary and secondary valency forces, as described in the previous 
chapter. In a discussion of the acid or base fixation of proteins we are 
mainly interested in the available amino and carboxyl groups of the poly- 
peptide chain. 

The earliest theories of acid-base fixation by proteins were that of a salt 
formation, assuming the classic reaction: 

HoN —It—COOII = 5 =^ UiN- -R ~00()~4 1I + or II R- -{ (1) 

HOlIaN U COOH 01 3 N K—COOII4 011“ or R 10 + 0H“ (2) 

the protein acting as a weak base when combining with acids and forming 
highly ionized salts and, conversely, acting as a weak acid in the presence of 
bases. 
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The ionization of a weak acid in aqueous solution may be expressed by 

(H) x (A) ~ fr(HA) 


wherein (HA) constitutes the concentration of the un-ionized acid, (H) and 
(A) that, of the cation and anion into which (HA) dissociates. This expression 
may then be rewritten 


(H)-fc 


(HA) 

(A)' 


But, w'hen a weak acid is neutralized by a strong base, the concentration of 
the undissociated acid is very nearly equal to the total acid concentration, 
and the concentration of the anion is very nearly equal to the salt formed, 
thus: 


(II)-A: 


acid 


and at half titration 


(II) - k 


(HA) 
(A) " 


salt 


I or (H) « k or p k * pH 


which means in effect that at half titration the hydrogen ion concent ration 
is numerically equal to the ionization constant. Similarly, for the titration 
of a weak base at the half-titration point, the hydroxyl-ion concentration is 
numerically equal to the ionization constant of that base. 

Referring thus to equations (1) and (2), we can write 


* (iu~ 
a it 


a to ffon ~ 
a R 


where a is the symbol of activity. Such equations were used on the promise 
that k a would be given by measurements with alkaline solutions of the amino 
acid and kb by those with acid solutions. However value's obtained for the 
amino acids were so small, in the neighborhood of 10 9 to 10~ 10 for k a and 
10~ u and lO'" 1 * for /c&, that they could not be correlated with the k a for acetic 
acid or kb for ammonia. Further, since the amino acids might be regarded 
as substituted derivatives of acetic acid and ammonia, an acceptance of such 
values for k a and k b implied a drastic influence of the substituent groups on 
dissociation. Table 8 45 shows the values so obtained for a number of organic 
acids and certain amino acids. 


Table 8. The pA for Organic* Acids. 


Arid 

pA* 

Amino And 

pk 

Formic. 

3.09 

Glycine. 

9.75 

Acetic.. 

4.74 

Alanine . 

9.70 

Propionic 

4.80 

Valine . 

9.70 

Butyric. 

. . 4.82 

Leucine . 

9.00 

Valeric. 

4.80 

Aspartic .. 

3.7; 9.85 

Glutarie. .., 

. . .. 4.30; 4.55 

Glutamic. 

.... 4.2; 9.80 
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It was this great difference in ionization constants between the organic 
acids and amino acids that lead Bjerrum 12 in 1920 to formulate the theory 
that amino acids form zwitterions (dipoles) by simultaneous ionization of 
both the carboxyl and amino groups, the strength of which might be increased 
even above that characteristic of the aliphatic acids or amines. Thus Bjerrum 
was able to point out that the ionization constants so obtained were of an 
order to be anticipated from the chemical composition. Bjerrum’s theory 
was merely that the titration of amino acid or protein with acid represented 
the back titration of the charged carboxyl group, and that the titration with 
base represented back titration of the charged amino group. 

Rewriting the classic reaction in terms of the zwitterion concept: 

+H 3 N R - COOII ^=dfe + II S N - R COO-4 IB or K+ 11* +H+ 

and 

HiO i H*N U -COO” + H,N- ~1<—OCX)- + 011“ or R" R± + Oil- 

then 

and 1 

* air 

Hitchcock 41 points out that these dissociation equations differ from the 
classic formulation in that (a), the uncharged molecule is written as an 
amphion, and (6), the acidic ionization of the carboxyl group, takes place 
during the neutralization of an acid solution, while the basic ionization is 
favored by the neutralization of an alkaline solution which contains the 
ampholyte anion. Thus by relating an and gr + (since each refer to the total 
electrically neutral ampholyte) and multiplying together K A k b , we get 

/y i, an - ooh" K nk a 

These products are then equal to the ion product of water: 

K w - an*(km * * [H + ] [011“] th 4 7oh~ (1) 

The relations then between the various constants a re 

K a * and 

k'b k a 

The zwitterion system gives much more reasonable values for the constants 
K a and Kr\ K a = 10~" 2 to KT a and Kr~ 10“ 4 to 10' \ 

The subject of ionization constant s of ampholytes is made comparatively 
simple* by using the system adopted by Bronsted: 


Acid II 4 f Rase 

NlhOFI NHl+OH , k ( , 

N lit NH.4 H 4 , k a 


«nh 4 oh 
OfNU 3 
&NH + 
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The application of this system to the dissociation of amino acids is as 1 allows: 


+ll s N ~ R-COOH 
nhN- -R--COO- 


K x 


f H*N--R~COO -fIH, IU 
IhN -R COO f HS JH *5 
an ’■flu 1 ^ [ U 1 1 [ R±] 7 h * y u 1 
an* tiO] 7 r^ 

Oh[ a n~ ^ [HMJU:! th ' Tit" 

Qr 1 [R ± l tr 1 


feli-M TP 

:R"+U* 


( 2 ) 

(3) 


Under isoelectric conditions, the concentration of cation and anion should 
be equal. Thus if equations (2) and (3) are multiplied together, and premising 
that at the isoelectric point (Z2+) and (R~) are equal, we have 


K X K % 


aw aw 1 ll + f IR"1 7h * Tic 


aw |R + 1 tr + 
and if I is the value of (H + ) at the isoelectric, point, then 


r A \Ei~ 


7k* 

>k •yfi* 


and using the Sorensen method of writing hydrogen-ion concentration 

pi “ i(pA r i4-pA a — 1°£~“_;) 

where pA% and pAu are negative logarithms of the acidic ionization constants. 
By using apparent pK values as determined from pH measurements, wo can 
write 

pf'- KpAJ+pKJ) 

In a discussion of the isoelectric point, it must be remembered that this 
condition may hinge upon the combination of the ampholyte not only with 
hydrogen or hydroxyl ions but with other anions or cations. Sorensen has 
defined the isoionic point of an ampholyte as the pH at which it. combines 
equally with acid or base. This value is identical with the isoelectric point 
only if the ampholyte does not combine with ions other than H f and OH*. 
Therefore it is in the strict sense only the isoionic point which is determined 
from p K values of the above equations. 

Bjerrum’s ideas were expanded by Harris and Harris and Birch, 35 who 
showed conclusively that the zwitterion concept accounted completely for 
the titration curves of not only the amino acids but polypeptides and pro¬ 
teins as well. The Harris method of making a titration first in water, then 
in water-formaldehyde was a unique forward step, since acid groups give the 
same titration curve in the presence of formaldehyde whereas basic groups 
do not, thus causing a shift in the alkali curve. By this novel technique, 
Harris has obtained the ionization constants of many amino acids and poly¬ 
peptides. Table 9, taken from the work of Jordan-IJoyd, 46 gives the p K 
values of a number of the amino acids. 




COMBINATION OF PROTEINS 


71 



Table 9. pK Values for Amino 

Acids. 




Ammo Acid 


COOJI 

or n~ 

coon 

Irrud 

azole 

a- 

NIU 

OH or 
HU 

NH* 

Guani¬ 

dine 

Glycine. 

25 

2.31 



9.60 

— , 

— 

—r- 

Alanine. 

25 

2.21 

— 

... 

9.69 

<— 

— 

— 

Serine. 

25 

2.11 

- - 


9.15 

— 

— 

— 

Valine. 

25 

2.20 

— 

—. 

9.62 

-- 

— 

— 

Leucine . ... 

25 

2.26 

* — 

— 

9.61 

— 

—. 


Ino~ leucine. 

25 

2.26 

— 

— 

9.68 

— 

— 

— 

Phenylalanine . .. 
Tyrosine. 

25 

1.50 

— 

— 

9.24 

-- 

— 

— 

25 

2.24 

— 

— 

9.21 

10.28 

— 

— - 

Diiodotyrosine... 

'tryptophane. 

Cysteine.. 

25 

2.12 

— 

— 

7.82 

6.48 

— 

— 

25 

2.3 

— 

— 

9.39 

— 

— 

— 

25 

1.00 

— 

— 

7.48 

9.02 

— 


Proline. 

25 

1.9 

— 

— 

10.60 

— 

— 

— 

Oxyproline. 

25 

1.72 

— 

— 

9.73 

— 

— 

— 

Lysine. 

0 

2.20 

— 

— 

9.81 

—. 

11.31 

— 

Lysine. 

25 

2.18 

— 

— 

8.95 

— 

10.53 

— 

Arginine. 

0 

— 

-- 

— 

— 

— 

— 

13.31 

Arginine. 

25 

1.91 



8.94 

— 

— 

12.48 

Arginine. 

25 

2.2 


-r- 

9.0 

— 

— 

11.9 

Histidine. 

0 

— 

— 

6.50 

— 

— 

— 

— 

Histidine . 

25 

1.77 

—- 

6.10 

9.18 

— 

— 

— 

Aspartic acid 

25 

2.05 

3.76 

— 

9.85 


— 

— 

Aspartic acid . 

25 

2.10 

3.86 

— 

9.82 

— 

— 

— 

1 Iv droxy aspartic 
acid . 

25 

1.95 

3.47 


9.03 

_ 



Glutamic acid . .. 

25 

2.00 

4.07 

— 

9.47 

— 

— 

— 

Hydroxyglutamie 
acid . 

25 

2.23 

4.24 

_ 

9.56 

_ 

_ 

_ 


Jordan-LIoyd goes on to point out that the pK values of both carboxyl 
and amino groups are influenced by the near presence of other groups attached 
to the same carbon atom. The influence of different organic groups on the 
polarities of the COO“ and NH,* + groups has been investigated by Phillips 64 
and by Melville and Richardson. 68 The recorded p K values for certain 
amino acids, peptides and amines are given in Table 10. 47 


Table 10. p K Values at 25° 


a-Amino valerianic acid. 

Carboxyl 

group 

2.4 

Amino group 

9.6 

Iso-electric 
point, pi 

6.0 

0-Amino valerianic acid . 

3.6 

10.1 

6.9 

Y~Amino valerianic acid . 

4.0 

10.3 

7.2 

5-Amino valerianic acid. 

4.2 

10.6 

7.4 

Propionic acid and higher fatty acids. 

4.8 

— 

— 

Ethylamine. 

— 

10.7 

— 

Glycine. ... 

2.32 

9.70 

6.06 

Glycylglycine. .. . 

3.03 

8.20 

5.66 

Diglycylglycine . 

2.90 

8.05 

5.50 

Triglycylgiycine. 

2.95 

7.75 

5.40 

Tetraglycylglycine. 

2.95 

7.70 

5.38 

Pen taglycylgly cine. 

2.95 

7.60 

5.32 


From a theoretical model t)f a protein, Figure 12, Jordan-LIoyd 48 postu¬ 
lates that titrations from pH 5.0 on to the acid side will be chiefly titrations 
of a carboxyl group, and those from pH 5.0 onto the alkaline side will be 
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chiefly titrations of, first an imino, secondly an amino, and thirdly a guapidino 
group. 

From such a concept, we may now picture the acid-base binding of a 
protein: 


—COO“ 

1 

■*H,N - 

1 

—OOOH 

Cl— 

nbN- 

-Nil,*- 

-ooc- 

4-3HC1 —> 

01“ 

-NH 3 4 

/ ’1 - 

nooc- 

—NH*+ 

~ooc 

i 

i i 

vl 

—Nlb + 

IIOOC— 


Thus the protein forms salts by electrovalent links at the amino groups, 
but the limit of salt formation is primarily controlled by the back titration 
of the charged carboxyl groups. Phillips 64 postulates that the limit of salt 
formation is controlled by the intensity of the net charge the protein molecules 
can accommodate. 

In the case of alkali binding the reaction may be illustrated 


-C00~ 

+HjN— 


—C00~ K+ 

IbN— 

—NHi f 

“000- 

+ 3K0H — 

-NH* 

K + “000— 

—NHj“ 

"Dot;- 

' 

1 

—Nib 

OOC— 

i 


Jordan-Lloyd 60 points out that in applying the zwitterion theory to the com¬ 
bination of proteins with acids or bases we should have no difficulty in con¬ 
structing protein salts according to the electronic theory of valence. Maxi¬ 
mum salt formation of the type illustrated above will occur at the isoelectric 
point and therefore there “will not be maximum formation of a fully ionized 
salt but an equilibrium between ionized and associated base, ionized and 
associated acid, ionized and associated salt:” 


R—NJ ROH R—NH S + + OH“ 

R—COOII =5F=fe R—COO" 4- H+ 

R—Nib = 5 =^ OC—R R ~NHa 4 4 “00—R 

o A 


IflSTOKY OF PttOTKIN TlTUATION OURVKS 

As early as 1905 Hardy 34 pointed out that in acid solutions proteins show 
a positive charge whereas in alkaline solutions they show a negative one. 
This investigation was in reality the beginning of the study of the acid-base 
binding power of proteins. Sorensen’s classic work in 1909 upon hydrogen 
ions gave this work an impetus which is felt even today. 
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As far back as 1898 Bugarsky and Liebermann 17 showed by means of 
electromotive force measurements that proteins added to themselves acids 
and bases. For this work, they used methods now long obsolete, but which 
for their time were far in advance of earlier work. These workers measured 
the emf between two hydrogen electrodes, one immersed in 0.05iV hydrochloric- 
acid solution and the other in the same concentration of this acid, but contain¬ 
ing protein. The amount of acid combining was calculated from the well 
known Nernst equation: 

RT C 2 
" nF 




n Ci 


in which C 2 is concentration of II 4 ions of the solution containing protein and 
Ci is concentration of H 4 ions in the 0.05 N hydrochloric-acid solution. 

The classic and usual method of determining the acid-base binding capacity 
of proteins is indeed a modification of the method used by Bugarsky and 
Liebermann. Modern potentiometers together with hydrogen or glass 
electrodes are now generally used; special glass electrodes are available for 
both the acidic and alkaline range of pH measurement. 


Mptthods for Measurement of Acid-Base Fixation 

Measurement of pH value determines the activity of hydrogen ions rind 
not the concentration. For exact calculation, the activity coefficient,, a, 
of the hydrogen ions must be known: 

p H - i0K «c<fc) 


This activity value is influenced (a) by the concentration of the hydrogen 
ions, (6) by the concentration of all the ions present, (c) by the valence of the 
ions, and (d) by the dielectric constant of the solution. In most cases in 
which the acid-base binding capacity is determined the activities and con¬ 
centrations are assumed to be the same as for the original acidic or alkaline 
solutions. 

Schmidt 66 points out that due to the assumptions necessary for calculation 
of H 4 ions bound from activity data, certain deficiencies must be borne in 
mind when attempts are made to measure activity coefficients of hydrogen 
ions in protein solutions. If an attempt is made to measure the acid- or base¬ 
binding capacity in strong acid or base solutions, the determinations may be 
in error due to incipient hydrolysis and simplification of the protein, to 
hydrolysis of the acid amide group, or to the opening up of anhydrides, if 
present, tie also points out the uncertainty of the magnitude of the potential 
of the liquid junction. 

All the calculations from potentiometric data are based upon certain 
assumptions and are therefore subject to some error. Hoffmann and 
Gortner, 43 in a study of the prolamines, measured the hydrogen-ion concen- 
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tration of the arid and alkali solutions before and after the addition of protein 
and then calculated the degree of ionization of the acid or alkali from the 
potontiometric data. For such calculation, these investigators used the 
premise that the determined hydrogen-ion concentration represented a given 
normality of acid or alkali irrespective of the presence or absence of the 
protein in the system. For calculation, they used the formula 


where n is the amount of acid or alkali bound; N is the original normality" 
of the acid or alkali; (H+) is the hydrogen-ion concentration of the protein- 
acid or protein-base solution at equilibrium; and a the degree of ionization 
of the acid or base as determined by potentiometric methods. Cohn 22 
criticized this formula and offered a modification introducing an activity 
coefficient, y, in place of the dissociation constant. Gortner then offered 
criticism of Cohn’s suggestion, in that he believed it is necessary to assume 
that the sodium-protein compound or the protein-chloride compound is com¬ 
pletely dissociated; that there is no adsorption of the acid in the molecular 
state which can give rise to hydrogen ions in solutions; and that the sodium 
ions from the sodium-protein compound have the same activity as sodium 
ions in a sodium-hydroxide solution. Other workers have indicated that there 
may not be complete dissociation of the sodium-protein compound and of the 
protein-chloride compound. The various detailed methods for determination 
of the acid-base binding power of proteins by electrochemical means are not 
given herein, but the reader is referred to the excellent discussion of such 
methods by Schmidt 66 and by Gortner 28 in their recently published works. 

Schmidt has shown that the acid-base combining capacities of proteins 
as determined by means of classic titration curves involve serious errors. 
These errors are: (a) the end points are not sharp; (b) the value obtained 
from a blank titration must be subtracted from the value obtained on titrating 
the protein; (c) in high acid and alkaline zones, the change in pH value is so 
small that accurate estimates are almost impossible, and at best the titration 
represents an equilibrium between the protein salt and the excess H + or 
OH" ions. Chapman, Greenberg and Schmidt 20 have employed a dye tech¬ 
nique for estimating the acid- or base-combining power of proteins. Essen¬ 
tially, the method consists of adding an excess of certain acidic or basic dyes 
to a protein solution at varying pH values. Upon the addition of the par¬ 
ticular dye to the protein solution, a precipitate is formed, which can in turn 
be removed by filtration. The excess or unused dye can be estimated colori- 
metrically or by titration with another dye and the combined dye calculated. 
The data so obtained can be plotted versus pH value as a titration curve. 
Such data for gelatin have shown 1.03 milliequivalents acid bound per gram 
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of protein as compared with 0.89 milliequivalent found by Hitchcock 42 by 
potentiometric methods. 

Bancroft 8 applied phase-rule chemistry to this difficult subject. This 
procedure of determining the acid- or base-combining capacity consists in 
treating the solid protein with the gas (HCI, H 2 S, C0 2 or NH3) and determin¬ 
ing the dissociation pressure. On addition of the gaseous acid or base to the 
solid protein, the pressure of the gas will remain essentially constant as long 
as combination takes place. When this reaction is completed there will be a 
decided increase in the pressure upon further addition of gas. This is in line 
with the phase-rule relation, 

F«C — /* + 2 

for in this system there are two components, gas and protein; three phases, 
solid protein, the protein-gas compound and the gas. There is but one 
degree of freedom, and since the reaction is carried out at constant tempera¬ 
ture, that degree of freedom is destroyed. Upon addition of varying amounts 
of gas, the pressure must remain constant and will continue so until all the 
protein has combined with the gaseous acid or base. When this occurs, 
only two phases are present, the gas and the protein compound. At this point, 
since temperature is fixed, the pressure rises. 


Table 11, Acid- or Base-combining Power of Proteins by Gaseous Titration. 


Protein 

Casein.. . . . 

Gelatin...... 

Gelatin (deaminized) 

Egg albumin.. . . 

Silk fibroin .... . 

♦Moles X10° i>rr gram of protein 


Acid bound* 

284 

342 

305 

170 

40 


Base bound* 

212 

78 

80 

102 

86 


Czarneizky and Schmidt 21 made use of gaseous titration. Some of their 
data are given on Table 11. These investigators show that a difference 
exists between the groups which combine with HC1 or NII 3 when the protein 
is in the solid state and those which combine with acids and with bases when 
the protein is in solution. They point out that there should be a difference 
in acid-combining capacity between a solid protein and gaseous HOI, since 
more groups of the protein react when in the solid state—the amino groups 
of lysine, the imino nitrogen of tryptophane (if present), the guanidino group 
of arginine, the tertiary and imino nitrogen groups of histidine and the 
tertiary nitrogen of any —CON— groups. They further show some difference 
in base-combining power, since the hydroxyphcnol group of tyrosine does not 
react with gaseous NH 3 . It is concluded that the reactions with gaseous 
HC1 and NH3 are chemical in nature and, within limits, stoichiometric in 
value. Beek 9 also used gaseous IIC1 for his titration values for collagen. 
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Titration Curves of Amino Acids 

Before discussing the titration curves or the acid- and base-binding capac¬ 
ity of proteins, it may be well to study such curves for certain of the amino 
acids. Green stein™ points out that while there have been numerous investi¬ 
gations of the dissociation of amino acids and some simple peptides, little or 
no data are available relating to the complex peptides involving trivalent 
amino acids, such as histidine, lysine, arginine, aspartic and glutamic acid, 
which are able to furnish free polar groups to the protein. He further indi¬ 
cates that any attempt to correlate the acid- or base-combining power of any 
protein and the strength of apparent dissociation constants with the number 
of free valencies cannot be successful with data dealing with the simple 
ampholyte. It would, therefore; seem appropriate to study the manner of 
behavior of such free groupings, when incorporated in a synthetic peptide 
having a number of extra valencies; this behavior should be analogous to that 
of the complex protein. 



Greenstein studied the dissociation of several of the amino acids, which 
are able to furnish a free polar group when incorporated into the peptide chain. 
He measured the dissociation of the amino acid by means of the hydrogen 
electrode versus the 0.1 iV KGl-calomel electrode. The system was carefully 
standardized against 0.1 M HC1. The data and curves taken from the 
several papers of Greenstein follow. 

Figure 13 shows the dissociation curve of glycine at 18° C and ionic 
strength of O.lil/. The points for this curve are taken from the data of Soren¬ 
sen. This curve shows the maximum base-acid-combining capacity of the 
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glycine with a pTfi value of 2.404 and pA 2 value of 9.842. The curve shows a 
broad buffer region in the pH range 4.0 to 8.0. 



g 

13 



Figure 14 shows Green stein's curves for histidine, hist idyl-histidine and 
aspartic acid and aspartyl-aspartic acid. Giving histidyl-hist idine the struc¬ 
tural formula 


•NlT-CH*OHj.(Wr- ('ll 


Nil, COOH 

H<V==-=C-OH, 

II II 

HN N N Nil 

\ / 

H Cl I 


and aspartyl-aspartic acid the formula 

NH, 

IIOOC Oil, Al CONTI OH COOH 

(Wjooh 
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Table 12. Titration Constants 



Carboxyl 

Imidazole 

Ammo 

! Isoelectric 
point 

Histidine 

p«; 


pg; 

pGa 

Pi 

1.77 


6.10 

9.18 

7.64 

Histidyl-histidine 

pGj 

2.25 

p g; 

5.60 

pGi 

6.80 

pGi 

7.80 

Pi 

7.31 


| Carboxyl 

Amino 

Isoelectric 

point 

Aspartic acid 

pG', 

2.10 


pG«j 

3.86 

pG» 

9.82 j 

pi 

2.98 

Aspartyl-aspartic acid 

pGi 

2.70 

pg; 

3.40 

pGi 

4.70 

pGi 

8.26 

pi 

3.04 


we can now study the trends of the curves representing the single basic or 
acidic amino acid or that representing the amino acids tied into a dipeptide 
chain. These specific comparative kinds are shown in Table 12. 

Grecnstein summarizes this work by stating that the introduction of a second 
imidazole group into the histidine compound causes a decided weakening of 
the acid and basic groups as compared with histidine itself; that this weaken¬ 
ing Ls accompanied by a shift to the more acid dissociation range of one of the 
imidazole groups and thus the dipeptide has an isoelectric plant more acid 
than that of the amino acid; that three carboxyl groups to one amino group, 
as in aspartyl-aspartic acid, result, in a weakening of both acid and basic 
groups and a slightly alkaline shift of the isoelectric point. 

In a further study, Greenstcin 31 determined the titration constants of 
tyrosine, glycyl-tyrosine, tyrosyl-tyrosine and diiodotyrosine. The data are 
given in Table 13. 

Table 13. Titration Constants at 25° C. 


; 

Carboxyl 

Ammo 

Hydruxyphenol 

Isoelectric 

point 

Tyrosine 

pGi 

2.20 

pg; 

9.11 


pG', 

10.07 

pi 

5.66 

Glycyl-tyrosine 

pG', 

2.98 

pGi 

8.40 


pGa 

10.40 

pi 

5.69' 

Ty rosy 1-tyrosine 

pGi 

3.52 

p g; 

'7.68 

pGj 

9.80 

pG< 

10.20 

pl 

5.60 

Diiodo-tyrosine 

pG', 

2.12 

pG« 

7.82 


o hr 
<6 

pi 

4.29 
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Thus the data given in Table 13 demonstrate that the assignment of the pH 
value of approximately 30.0 to the feebly acid oxyphenyl group in tyrosine 
is consistent with its behavior; that the dissociation of the hydroxyphenyl 
group depends upon its relative position in the molecule with reference to 
other free groups; and that the free amino and carboxyl groups in a tyrosine 
dipeptide are weaker than those of the tyrosine itself. The isoelectric points 
of the tyrosine peptides are more acid than that of tyrosine 

Thk Titration Curves of the Fibrous Proteins 

The work of Greenstein shows that the free polar groups existing in the 
reactive side chains of the complex polypeptide will exert a definite influence 
upon the ultimate dissociation constants of the polypeptide. This author 
points out that while electrostatic forces may account to some extent for the 
shifting of the values of characteristic groupings in amino acids to the new 
ranges shown by the proteins, the influence of the peptide link must be taken 
into account. Thus it may be said that the titration values given for a 
protein may be related to the ionizable groups of the ammo acids not when 
these acids exist in the free state but only when they are incorporated in a 
peptide chain. 

In the discussion to follow we are much interested m the effect of such free 
polar groupings of the amino acids, aspartic, glutamic and hydroxy-glutamic 
acids, histidine, lysine and arginine. The data given in Tables 12 and 13 
demonstrate the effect of the imidazole group of histidine and of the second 
carboxylic group of the acidic amino acids. Undoubtedly the very basic 
groupings of the arginine and lysine play an important role in determining 
the various dissociation constants of the proteins of which they are a part. 

The acid- or base-binding capacity of such fibrous piotems as gelatin, 
collagen, silk, hair and wool, have been determined by a great many investi¬ 
gators over a period of years. Atkin and Douglas 4 aud Atkin and Campos 6 
in 1924 studied the acid-basc binding of gelatin and of hide powder. Gortner 
and Hoffman 43 employing a modified potentiometric method of measuring 
bound H + ion, studied the acid-base binding of the prolamines (vegetable 
proteins). Hitchcock 42 investigated the acid binding of gelatin and edestin. 
'Manabe and Matula 56 also studied the H + and CT binding of protein. In 
1935 Jordan-Lloyd and Bidder 40 made quite an extensive study of the H* 
and OH~ binding of hair, gelatin, collagen and silk. In 1940-41, Harris 69 
and his co-workers made a thorough and comprehensive investigation of the 
binding of acid and base of wool and silk proteins. TIighberger 38 in 1930 
investigated the titration curve of purified collagen. In 1940-41 Thcis and 
Jacoby 70 studied extensively the acid- and base-binding power of collagen, 
silk and hair. With the exception of Theis and Jacoby, all these investigators 
used some form of the potentiometric method for measurement of the H 4 * 
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or OH~ ion bound by the particular protein studied, Theis and Jacoby 71 
used a unique method developed by McLaughlin and Adams. 66 This method 
and its subsequent modifications to meet specific conditions will be discussed 
more fully later in this chapter. 

The Acid- ok Base-binding Capacity of Silk Fibroin 

Although the leather chemist is not specifically interested in the fibrous 
protein silk fibroin, it is illuminating to compare the acid-base-combining 
power of this fully extended protein with that of the semi-extended proteins 
such as keratin and collagen. 

The analysis of silk fibroin indicates that the molecule is made up of a 
large percentage of glycine and alanine. Table 14 gives the known amino- 
acid content of fibroin. 


Table 14. Amino Acid Content of Fibroin.* 


Ammo Acid 

Percentage 

Milliequivalenta 
Per Gram 

Glycine. . . . 

43.8 

5.84 

Alanine . 

26.4 

2.97 

Tyrosine . . 

13.2 

0.73 

Arginine . 

0.95 

.055 

Lysine. . . . , , 

0.25 

.018 

Histidine, . ... 

0.07 

.005 

* Taken Jfiom the published work of Gleysteen and llama. 



X-ray data and its interpretation indicate that the fibroin structure is one 
in which the molecules are firmly and tightly held together, in the main the 
structural cohesion forces being in all probability hydrogen bonds. 
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Extending from the main axis here and there are a few longer side chains 
(arginine, lysine, histidine, tyrosine and probably acidic amino acid residues) 
having free charged groups capable of binding acids or bases. 

Jordan-Lloyd and Bidder 49 investigated the acid- and base-binding 
capacity of gelatin, collagen, silk, hair and wool. These workers found that 
proteins combine with acids or alkalies on either side of a sharply defined 
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isoelectric point only if the protein is dispersed as a sol or a gel. They 
further suggested that an isoelectric zone exists in reality. In a discussion of 
such data, these investigators have indicated that silk proteins show a 
sudden take-up of acid or base at pH 3.0 and 11.5, and they believe that such 
a trend is common to all fibrous proteins, and is accompanied by swelling and 
disruption of the structure. 



Jordan-Lloyd and Bidder make a comparison between the titration curves 
of collagen and gelatin and those of keratin and silk; they suggest that the 
structural 'cross linkages between peptide chains are somewhat different from 
the salt linkages and that these bridges exert considerable influence. The 
titration curves for silk and collagen obtained by these workers are shown in 
Figure 15. 

Gleysteen and Harris 26 recently investigated the acid- and base-binding 
power of silk fibroin. These workers used a modified potentiometric method 
for determining the IT or OH” bound and as a consequence were required 
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to make certain thermodynamic assumptions. They also made corrections 
for the hydrogen-ion equivalence of the ash and for the sorption of w&ter. 
They obtained a titration curve at variance with that shown by Jordan-Lloyd 
and Bidder in that they obtained a definite maximum acid binding at 
pH - 1.0 of approximately 0.13 millimoJ per gram. Gleysteen and Harris 
believe that this discrepancy may be due to the ash content and to incipient 
hydrolysis of the fibroin. They further suggest that in the alkaline zone, 



base fixation is partially due to phenolic groups of tyrosine. Figure 10 repre¬ 
sents the data taken by these investigators and shows that in aqueous solution 
of acid or base, no H* or OH" ions are fixed in the pH zone 4.0 to 7.0. How¬ 
ever, if salt is present, a somewhat similar curve results, but in the so-called 
isoelectric zone, slight amounts of acid or base are fixed. Gleysteen and Harris 
show a maximum acid fixation of some 0.13 millimol at pH =* 1.0, and a 
maximum alkali fixation of approximately 0.9 millimol per gram at pH = 13*8. 

Using silk fibroin and natural raw silk, Theis and Jacoby 70 investigated 
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their acid and base fixation capacity. For this work, they used a rather 
novel method and obtained titration data quite in accord with those obtained 
by Gleysteen and Harris. 

Before discussing the data obtained by Theis and Jacoby, it might be well 
to outline briefly the history and development of the titration methods used 
by these investigators, 

McLaughlin and Adams 56 had introduced in 1940 a certain technique of 
protein-acid analysis. Their method was to treat the protein with acid and 
after equilibrium had been established, to remove unbound acid by pressing 
it twice at 5000 pounds per square inch and then analyzing the pressed 
material for fixed acid. These investigators maintain that this pressing 
technique removes all the free acid, leaving only that bound or adsorbed 
by the proteins. 

The technique introduced by McLaughlin and Adams was modified and 
used by Theis and Jacoby. The method so modified gave results well in 
line with experimental facts The method used was believed free from the 
errors existing in either the regular or modified potentiometric methods. 
The method follows. 71 

One-gram portions of the protein material were placed in 200-ml bottles 
and 100 ml of various concentrations of hydrochloric acid or potassium hy¬ 
droxide were then added. The concentrations were such that at equilibrium 
the pH values would vary between pH 0.5 and 13.0. Where neutral salt was 
used, potassium chloride was employed in the ionic strength noted either in 
the tables or figures. The bottles and contents were then placed in a 
thermostat maintained at 20° O for a prescribed period. After equilibrium 
had been attained, the equilibrium pH value was measured using a Beckman 
glass-electrode assembly. The treated protein was then piessed several 
times at 10,000 pounds per square inch in a Carver press. Alter pressing, 
the protein was air-dried, ground in a small W r iley mill and was then ready 
for analysis of H+, OH~ and nitrogen. 

The method for determining H+ or OH" ion was as follows. One-half 
gram of the ground material was carefully weighed into a 250-inl Erlenmeyer 
flask. To this were added 50 ml distilled water and 10 ml 0.1 A HOI. The 
added I1C1 aids materially in hydrating the acid-treated protein, and in the 
case of the alkali-treated protein neutralizes the fixed or bound base and 
thus converts the protein-base compound into an acid-protein compound. 
This addition of the HC1 is essential for correct results. After a 2-hour 
treatment as described, 10 ml of a potassium iodine-iodate solution (containing 
200 grams KI and 50 grams KlOa per liter) are added together with 20 ml of 
0.1 A sodium thiosulfate and the reagents allowed to react for approximately 
2 hours. The excess 0,1 A Na 2 S 2 0 3 is then back-titrated with 0.1 A HC1 or 
0.1 A iodine solution. A blank determination containing all reagents is run 
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with each set of experiments. The volume of 0.1 AT Na 2 S20 3 consumed is then 
calculated to H+ ion or OH™ ion fixed per gram of protein. 

This method is extremely accurate and is comparatively simple. No 
aasumptions need be made and the protein used for the experiment need not 
be ash, acid- or alkali-free since the method measures only the acid or alkali 
fixed. This method has many advantages over the potentiometric one since 
it can be used for the heterogeneous system (fibrous protein-acid), and the 
amount of acid fixed at any hydrogen-ion concentration is not obtained by a 
thermodynamic calculation but is an actual quantitative determination upon 
the protein treated. 

Instead of analyzing the ground protein for H + or OH™ ion, McLaughlin 
and Adams 5 * determined the anion bound by the protein. This analysis was 
made by destruction of the protein material by hot nitric acid and then 
precipitating the anion (S0 4 "“ in their case) by means of BaCL. The precipi¬ 
tated BaSOj was then filtered off, ignited, weighed and calculated to sulfuric 
acid. In the cast', of protein treated with hydrochloric acid, the protein is 
destroyed by means of hot nitric acid in the presence of a definite amount of 
0.1 AT AgNO.i. After the reaction is complete, the excess AgNO* is back- 
titrated with 0.1 A KONTS, using a ferric salt as an indicator. 

The data relating to fibroin and raw silk obtained by Theis and Jacoby 
are shown in Figure 17. These data indicate a maximum acid fixation at 
pH 1.0 of 0.10 millimol acid per gram of fibroin. At pH 1.0, curve A of the 
figure shows a sharp change of slope, really indicative of maximum acid 
fixation, and the trend of the curve in the pH range 0.5 to 2.0 leaves no doubt 
concerning a maximum binding of acid in this particular range. These 
maximum acid-fixation values shown by Gleysteen and Harris and by Theis 
and Jacoby differ widely from those given by Jordan-Lloyd and Bidder. A 
study of curve A, Fig. 17, in the pH range greater than 1.0 indicates that acid 
fixation becomes practically nil at pH 4.0 and remains so until a value of 7.0 
is reached. Theis and Jacoby found the alkali fixation in the pH range 7.0 
to 11.0 to be slightly different from that obtained by Gleysteen and Harris 
and they believe such results to be more in line with the facts. Theis and 
Jacoby in their study find approximately 0.08 millimol alkali bound at pH 
11.0 and 0.14 millimol bound at pH 12.0—-somewhat lower values than those 
obtained by other workers. Gleysteen and Harris point out from their data 
that the dicarboxylic acids of fibroin may be 0.13 to 0.17 milliequivalent per 
gram as judged by the amount of acid plus base bound between pH 1.0 and 
8.0. The data of Theis and Jacoby indicate in this same pH range apprqxi- 
mately 0.1G milliequivalent of dicarboxylic acids per gram fibroin. At pH 
values greater than 11.0, Gleysteen and Harris found that the actual base 
bound (some 0.9 milliequivalent }>or gram at pH 13.8) greatly exceeded the 
content of free carboxyl groups; they accounted for this discrepancy by 
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postulating the binding of base with the weak phenolic group of tyrosine. 
Theis and Jacoby found a sharp increase in base fixation in the pH range 7.8 
tb 10.0 and another at pH values greater than 11.0. This change in trend of 
the curve at pH 11.2 must of necessity strongly indicate a change in the base¬ 
binding capacity of the protein. At a pH of 12.6 the curve indicates the 
approach of maximum base fixation, the value being approximately 0.326 
milliequivalent per gram of fibroin. This maximum is positive and real. 
Theis and Jacoby believe that in the pH range 7.8 to 11.0, the basic reaction 
is with the free carboxylic groups, the titration of which is complete at pH 
11.0. At pH values greater than 11.0, the base in all probability reacts with 
the weak phenolic groups of tyrosine. The data representing maximum base 
fixation as given by them is decidedly lower than that given by Glcystcen and 
Harris—0.325 as compared with 0.90 milliequivalent; but Theis and Jacoby 
postulate that while some of the weak phenolic groups are reactive, there is 
not a complete titration of these particular groups. It is quite possible, 
however, that if Theis and Jacoby had carried titration to approximately 
pH 14.0, more tyrosine would have reacted; but at. this high pH value it was 
noted that the silk fibroin became “mushy” and could not be pressed and 
analyzed by their method. 

Theis and Jacoby also gave data showing the acid and base fixation of raw 
silk in contradistinction to that of the fibroin. These curves are represented 
as B and C in Figure 17. In the acid range pH 1.0 to pH 4.0, Curve B 
indicates a greater acid fixation, maximum acid fixation at pH 1.0 being 0.35 
millimol acid per gram of silk protein. There is also a sharp point of inflection 
at pH 1.0—again indicative of real values for maximum acid binding. This 
curve shows a rather broad isoelectric zone pH 4.4 to 5.4. At pH values 
greater than 5.5, however, base binding begins to increase rapidly to pH 8.0 
(degumming taking place due to alkali action upon the scrioin of the raw silk). 
There is another broad zone, pH 8.0 to pH 10.0, beyond which the raw silk 
binds alkali in much larger amounts as indicated by the increased slope of the 
curve. We could therefore assume in the pH range of 1.0 to 11.0, we have the 
combined titration curve of fibroin plus sericin, while at pH values greater 
than 11.0 only the fibroin is affected, the sericin having been removed and 
solubilized. Curve B shows a sharp point of inflection in the pH range 
10.0-10.5, thus strengthening the points brought out earlier, indicative of 
tyrosine reaction. At pH 12.0, the curves for raw silk and fibroin merge, 
both reaching a maximum value at pH 13.0. 

Steinhardt and Harris, Gleysteen and Harris, and Theis and Jacoby have 
shown that the presence of neutral salt causes a greater acid take-up in a 
certain pH range. Steinhardt and Harris showed that the quantity of acid 
bound depends upon the concentrations of anions as well as upon the concen¬ 
tration of H + ions, and that the quantity of base bound similarly depends upon 
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the concentration of cations as well as of OH" ions. They explained this 
phenomenon on the basis of the assumption that when the protein combines 
with hydrogen ions it also forms partially dissociated complexes with anions. 

Curve C of Figure 17 shows the acid and base titration curve of raw ? silk 
in the presence of potassium chloride. In this case acid fixation begins at 
pH 4.8, and it is shown that there is a sharp isoelectric point in place of the 



isoelectric zone noticed in curves A and B. As the pH value decreases, acid 
fixation increases sharply, rising to a real maximum value at pH 1.0 and giving 
the same value for maximum acid binding as that for raw silk in the absence 
of salt. % 

At pH 4.8, the silk begins to fix alkali, the curve representing alkali fixation 
showing a point of inflection at pH 0.4. At this point- the base fixation 
increases from 0.03 to 0.12 milliequivalent per gram of protein. At pH values 
greater than 6.3 increased alkali binding results until some 0.34 millimol per 
gram have been fixed at pH 13.0. At pH values greater than 13.0 this curve 
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merges with the curves representing raw silk and fibroin in equilibrium with 
aqueous alkaline solutions. 

A comparison of Curves A (fibroin) and B (raw silk) of Figure 17 in the 
acid range indicates a greater acid binding for raw silk; but in this case it 
must be remembered that raw silk contains sericin, which in turn contains 
almost 4 times as much arginine and therefore the maximum acid take-up 
should be larger. 

The Autd-Base-combining Capacity of Hair Keratin 

X-ray data have shown that the keratin molecule is semi-contracted, and 
is capable of both extension and contraction. The molecules of keratin are 
very compact in nature and are held together in parallel alignment along the 
axis by hydrogen bonds, by salt linkages between certain charged centers, 
and by disulfide linkages. It is with the charged centers or free amino and 
carboxyl groups, the phenolic groups, and possibly the cystine or cysteine 
groups that acid or base may react. For this reason the content of arginine, 
lysine, histidine, tyrosine, cystine, glutamic and aspartic acids in the original 
hair or wool is of real value in estimating the theoretical amounts of acid or 
base which may react with the keratin fiber. Block 13 in 1938 gave a com¬ 
parative analysis of various kinds of hair. This analysis dealt only with the 
basic amino acids. Table 15 shows Block's results. 

Table 15. The Basic Amino Acid Content of Hair. 


Ammo Aad 

Histidine 

Lysine 

Arginine 

Cystine 

Tyrosine 


Proton) 

Human hair 
Sheep wool 
Snake epidermis 
Goose feathers 
Gorgonia flabeUurn 
Plexaurella dichotoi 
Silk fibroin t 


Lamb Wool 

Human 

Goat 

Camel 

Horae 48 

0.67 

0.60 

0.73 

0.58 

0.60 

2.50 

2 50 

3.20 

2.70 

no 

8.70 

8.00 

8.10 

8.60 

7.60 

11.60 

14.70 

7.50 

8.60 

8.00 

4 50 

2 90 

3 (K) 

3.10 

3.20 

iy in 1931, 14 Block and Vickery showed the basic 
us keratins. 

amino-acid 

Table 16. 

Basic Amino Acids of Various Keratins. 



Arginine 

Histidine 

Lysine 

Cystine 


(Vo) 

(Vo) 

(%) 

<%) 


8.0 

0.5 

2.5 

16.5 


7.8 

0.66 

2.3 

10.0 


5.4 

0.48 

1.4 

5.3 


4.8 

0.35 

1.04 

6.4 


6.4 

0.48 

2.75 

5.5 

ta 

5.4 

0.43 

3.00 

3.2 


0.74 

0.077 

0.25 

0.0 


Rteinhardt and Harris 01 * in 1940 calculated the theoretical acid- and base¬ 
binding capacity from the basic and acidic amino acid content of wool. 
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Table 17. Acidic and Basic Amino Acid Content of Wool and the 


Theoretical Acid- and Base-binding Capacity, 




Millimol 


Per ocmt 

gram 

(1) Aspartic acid 

7.27 

0.545 

(2) Glutamic acid 

15.27 

1.035 

(3) Amide nitrogen 

1.37 

0.978 

(1) plus (2) minus (3) 


0.602 

(4) Arginine 

10.2 

0.586 

(5) Lysine 

3.3 

.226 

(6) Histidine 

0.66 

.044 

(4) plus (5) plus (6) 


0.856 

(1) plus (2) minus (3) plus (4) plus (5) plus (6) 


1.458 

(7) Tyrosine 

5.8 

0.320 


Hegman 86 in 1942 gave the basic amino acid content of feather keratin 
and the calculated theoretical acid- and base-binding capacity. 

Tabic 18. Basic Amino Acid Content of Feather Down 

MilUmol per 

Per ecr»t gram protein 

Arginine... . 5.72 0.329 

Lysine. . 0.50 0.034 

Histidine. . . 0.00 0.000 

Jordan-Lloyd and Bidder 49 investigated the acid base combination of horse 
hair. Their curve showed acid combination at approximately pH 3.0 and 
a maximum value of about 0.G5 milliequivalent per gram at pH 1.0. On the 
alkaline side of the very broad isoelectric zone, base combination began at 
pH 8.5 and showed at pH 13.0 a value of 0.83 milliequivalent of base bound 
per gram. This particular curve showed a very broad isoelectric zone, from 
pH 3.0 to 8.5. These workers point out in a summary of their paper that, a 
study of the fibrous proteins showed an increasing extension of the isoelectric 
zone with increasing compactness of fiber structure. In this zone acid or base 
combination occurs to a very limited extent onty. These workers further 
point out that at pH values less than 3.0 or greater than 11.5, there is a sudden 
increase in the amount of acid or base bound, and that this is not determined 
by the amino acid constitution of the protein. They also believe that even 
in the isoelectric zone the results are influenced also by the structure of the 
fibers. The data of Jordan Lloyd and Bidder have been given in Figure 15 
Steinhardt and Harris 69 made an extensive investigation of the acidic 
and basic properties of wool. In this study, these workers investigated the 
presence of neutral salt upon the acid or base fixation. They found that the 
maximum amount of acid or base bound was independent of the presence or 
absence of salt, but that the way in which this maximum is approached 
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depends greatly upon the presence and amount of neutral salt. They also 
point out that the ability of the protein to combine with H* ions is limited 
by the simultaneous availability of, say, Cl~ ions. 

Steinhardt and Harris have shown that the titration curves of wool and a 
soluble protein in the total absence of salt vary widely. However, in 
the presence of salt the curves for the two proteins are similar in nature. 
From these data, Steinhardt and Harris conclude that it should be possible 



Figure 18 

to identify each portion of the curves at high ionic strength with one of the 
several kinds of dissociating groups contributed by the constituent amino acid 
residue. 

The titration curves for wool keratin obtained by Steinhardt and Harris 
are shown in Figure 16, Curve A represents the acid-base-binding capacity 
of purified wool made in the absence of salt, and Curve B the values taken in 
its presence. With relation to these curves, Steinhardt and Harris point out 
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that the maximum acid-binding power, independent of the ionic strength, is 
0.82 milliequivalent per gram, and that the maximum base-binding capacity 
is greater than 0.78 millimol. Curve A shows that no appreciable acid or 
base is bound in the pH interval 5.0 to 10.0, but the amount bound increases 
sharply as these limits are exceeded. Curve B (values taken in the presence 
of salt) shows that the point of zero combination is well defined—pH 6.4—and 
further that the acid or base bound increases gradually with change jin pH 
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Figure 19 


value, the slope of the curves being much less than that of Curve A. If 
different ionic strengths are used, the position of the titration curves with 
respect to pH axis changes and these differences are greater than can be 
attributed alone to the effect of salts on the dissociation of the acids. Stein- 
hardt and Harris further state; “This approach to stoichiometric dependence 
of the acid bound on the concentration of anions as w r ell as of hydrogen ions 
accounts ‘for the greater steepness of the titration curve when the source 
of both ions is the acid alone.” 
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These workers also explain this phenomenon on the basis of the Donnan 
equilibrium. From such analysis, they concluded that the position of the 
titration curves with respect to the pH axis, as the ionic strength increases, 
should approach as a limit the position of the titration curve of a so-called 
soluble protein-albumin, globulin or gelatin. In other words, at high ionic 
strength the titration curves of such fibrous proteins as keratin or collagen 
should correspond to the titration curve of, say, gelatin and should show a 
gradual change in acid or base binding with change in pH value, and a sharply 



defined nil or isoelectric point. The gelatin titration curve shown in Figure 
24 illustrates this similarity. Steinliardt and Harris show this comparison 
in a very clear manner and Figures 18 and 19 indicate the phenomenon for 
egg albumin and w*ool—both in the absence and presence of salt. These 
curves are self-explanatory and show clearly beyond doubt that if a high salt 
concentration is employed, the acid or base bound by wool corresponds 
closely in trend to that of the albumin. 
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The detailed analysis of the data taken by Stcinhardt and Harris leads to 
the final conclusion that when acid or base binds with wool proteins, such 
combination occurs with the free carboxyl, imidazole, amino and guanidino 
groups of the side chains, but that for wool proteins no combination of base 
takes place with the phenolic groups of the tyrosine present in the pH range 
studied. 

In a further investigation of the acid- and base-binding power of wool 
proteins, Stcinhardt, Fugitt and Harris 69 studied the effect of temperature 
upon such combination. They found the data supported their earlier assump¬ 
tions, namely that the free carboxyl and amino groups are completely ionized 
when in the combined state or, in other words, at the isoelectric point the wool 
exists in the zwitterion state. These investigators found that temperature 
plays but little part in the acid-binding zone, but an important one in the base 
fixation range. Figure 20 illustrates this phenomenon. From data obtained, 
they calculated the heat of dissociation, using the formula 

- 4.5787^ ^ log K. 

By making the reasonable assumption that the titration curves of proteins 
are defined by the relative acid strength of distinct, non-overlapping sets of 
similar dissociating groups, values of A log K in each of two main regions of 
pfl values were obtained. Thus Stcinhardt, Fugitt and Harris calculated 
the heats of dissociation in wool dissociating at pH values greater than 6.0. 

Tabic 19. 


Milhmol 
base bound 

-0 C to 25° <J-~ 


I>er gram 

PU 

in* 

0.1 

0.75 

11,190 

.2 

.81 

12,070 

.3 

.85 

12,640 

4 

.88 

13,100 

.5 

.89 

13,210 

.G 

.83 

12,380 

.7 

.81 

12,030 

Average . . 


. ...12,380 


-25° to 50° C... 


Millimol 
base bound 
per grain 

pH 

HB 

0.1 

1.47 

25,820 

.2 

1.04 

18,310 

.3 

0.84 

14,800 

.4 

0.78 

13,720 

.5 

0.84 

14,800 


These data show the calculated heats of dissociation of the two groups; the 
carboxyl group being some 2500 calories and the amino group being some 
14,000 calories. 

In 1941, the same investigators 69 studied carefully the relative affinities 
of the anions of strong acids for wool protein. Their data for hydrochloric, 
trichloracetic, picric and ftavianic acids are shown in Figure 21. Stcinhardt, 
Fugitt and Harris found that definite differences exist between the positions 
of the wool titration curves obtained with various strong acids with respect 
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Figure 22 
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to the pH axis and that such wide difference could be ascribed to definite 
variations in the anion dissociation constants which characterize the corre¬ 
sponding protein-salt combinations. These investigators suggest: “The 
affinity of anions for proteins appears to increase with the dimensions of the 
anion, and is higher in aromatic than in aliphatic ions of the same size.” 

Theis and Jacoby in 1941 70 and 1942 71 made an extensive investigation of 
the acid- and base-binding capacity of certain keratin-containing proteins. 
The early study was confined to Chinese pig bristles. These bristles were 
thoroughly degreased with acetone and alcohol before experimental treatment. 
The technique used for this study was identical with that described previously 
for silk fibroin. The data taken are given in Table 20 and Figure 22. 

Table 20. IF or OH" Bound by Bristles. 

---—Without Salt—-— — * --With Suit (0 1 N KOI)-■* 


pH 

Ml of 0 IV Acid or Alkali 
bound per Gm of Protein 

pH 

Ml of 0 1 AT Acid or Alkali 
bound per Gm of Protein 

0.55 

8.00 

0.45 

7.90 

1.00 

8.00 

1.00 

7.50 

1.40 

7.95 

1.40 

6.70 

1.50 

7.60 

1.85 

7.10 

1.80 

5.70 

1.95 

4.90 

2.30 

3.95 

2.35 

4.10 

2.55 

3.00 

2.80 

3.50 

2.95 

1.75 

3.60 

2.05 

3.60 

0.65 

4.60 

+ 0.95 

4.40 

0.00 

5.20 

+ 0.65 

5.25 

0.00 

5.75 

- 0.30 

5.50 

0.00 

6.60 

-1.80 

f> 90 

0.70 

7.10 

2.10 

6.80 

1.55 

8.70 

3.05 

7.20 

1.80 

10.20 

3.80 

8.75 

2.15 

11.45 

5.30 

10.20 

2.50 

11.70 

6.40 

11.10 

2.75 

12.00 

6.95 

11.55 

4.35 

12.25 

8 25 

12.20 

5.10 

12.40 

8.50 

12.40 

7.90 

13 00 

8 80 

12.60 

13.10 

8.80 

9.00 




-pH value of Curve— ---•. 

A B O 

0.1 millimol acid fixed 3.3 4.5 4.7 

0.2 millimol acid fixed 2.8 3.8 4.2 


Curve A shows the complete titration curve for the system in the absence 
of salt. This curve shows a positive maximum acid binding at pH 1,0, an 
isoelectric zone in the pH range 4.4 to 5.6, alkali binding at pH values greater 
than 5.6, and finally a maximum base binding at pH 13.0. The value obtained 
for maximum acid binding of 0.800 milliequivalent per gram is only slightly 
lower than the theoretical calculation 0.856 obtained by Stciuhardt and 
Harris for wool. It is of course possible that the particular hair (pig bristles) 
used in these studies contained less arginine, lysine or histidine. Jordan- 
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Lloyd and Bidder showed a value of 0.65 milliequivaient acid bound per gram 
of horse hair. Steinhardt and Harris showed a maximum acid binding of 0.80 
milliequivaient per gram of purified wool. The data of Theis and Jacoby 
show that in the pH range 5.(5 to 11.0, 0.275 milliequivaient of base are bound 
—a value approximately approaching the theoretical dicarboxylic acid data. 
At pH values greater than 11.0, however, a greatly increased base binding 
obtains, indicative of a second typo of reaction. Since most hair normally 
contains tyrosine, the phenolic group of tyrosine may possibly react with 
base at pH values greater than 11.0, as suggested by Steinhardt and Harris. 
In the pH range 11.0 to 13.0 some 0.90 milliequivaient of base are bound. 
This maximum base-binding value is a very positive one. 


Table 21. Arid- or Base-binding Capacity of Wool. 


Equilibrium 

Ml 0 lA r Acid 

Equilibrium 

Ml 0 1 N Acid 

PU 

per pan. Protein 

pH 

pur gm. Protein 

0.8 

+ 8.3 

6.3 

- A 

1.4 

+ 8.2 

6.7 

- .6 

2.0 

+ 6.7 

7.1 

-1.0 

3.1 

+ 4.2 

7.4 

-1.1 

4.2 

+ 2.0 

7.7 

-1.1 

4.8 

+ .8 

8.8 

-1.2 

5.2 

+ A 

9.5 

-1.2 

5.6 

+ .2 

10.5 

-2.2 

5.8 

+ .1 

11.2 

-3.4 

6.1 

- .2 

11.8 

-3.6 



12.4 

-4.7 


Curves B and C of Figure 22 illustrate the effect of ionic strength, namely 
0.1 A and 1.02V KC1. As can be seen, Theis and Jacoby found that the pres¬ 
ence of salt does not affect the maximum acid or base binding, the salt affecting 
only the manner in which the maximum value is approached. This fact is 
shown in Curve B. Curve (■ (1 .ON KOI) gives data only in the so-called pH 
stability zone and shows the drastic effect of salt in this zone. 

If a comparison is made of the pH values at which 0.1 and 0.2 millimol of 
acid are fixed for the three curves shown in Figure 22, an interesting shift is 
noted. 

The addition of salt, also caused a shift in the curves in the alkaline zone 
and this shift is particularly noticeable at pH values at which 0.2 millimol of 
base are bound. As noted before, it is necessary to have sufficient anions 
present to bring about real acid-base binding in the so-called isoelectric zone. 

In a further study of the hair keratins, Theis and Jacoby 72 investigated 
the acid- and base-binding of purified wool. The wool for this investigation 
was thoroughly degreased with acetone and alcohol and was then washed 
with running water to free it of all occluded material; it was then pressed and 
air-dried. The technique employed for the investigation was similar to that 
used for the study of the Chinese pig bristles. In this work, all acid or base 
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solutions Were made 0 .IN with respect to potassium,chloride. Table 21 and 
Figure 23 show the data obtained. 

These data show a positive maximum acid fixation value of 0.83 millimol 
of acid bound per gram of protein at pH values less than 1.5. This value 
Ls well in line with the calculated theoretical value of 0.856 used by Steinhardt 
and Harris. The titration curve shows first, a sharp isoelectric (isoionic) 
point at pH 5.9; secondly, a rather broad plateau zone in the pH range 7.0 to 



10.0, a base-binding value of approximately 0.13 milliequivalont per gram; 
and thirdly, a sharp increase in base fixation at pH values greater than 11.0. 
Above pH 12.5 the hair is hydrolyzed and for that reason titration values 
beyond this point were not obtained. The titration curve shows in a very 
positive manner that at pH values less than 5.9 acid is bound whereas above 
5.9 base is bound, and that no isoelectric zone is present, as has been suggested 
by Jordan-Lloyd and Bidder. With the exception of a slightly more acid 
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isoionic point, the titration curve for wool obtained by Theis and Jacoby 
corresponds closely to that of Steinhardt and Harris. 

The Acid- and Base-binding Capacity of Collagen 

X-ray analysts have investigated the diffraction patterns of collagen and 
gelatin and have found that this pattern is somewhat, different from that of 
keratin. Astbury in 1932 concluded that every third amino-acid residue in 
the collagen structure was glycine, and that every ninth might be a proline 
or oxyproline residue. Astbury’s 3 analysis indicated a residue length of about 
2.9 A versus 3.5 A for the fully extended polypeptide structure. Astbury 
maintained that it w r as the preponderance of imino residues that constrict 
the collagen backbone. He illustrates the collagen structure as follows: 

-p—G - -u— p-G— R -P —G— R.. 

in which P stands for either proline or hydroxyproline, G for glycine and R for 
one or other of the remaining residues. This sequence may be written 
structurally: 


OIL NH 

/ \ / \ / \ 

—CO CO-NH CO CI1 

I 

R 

<--Fiber Axis — 



N- -Oil 


CO 



The collagen structure is not nearly as compact as that found for silk 
fibroin or hair keratin and must be considered as just slightly coiled. The 
polypeptide chains are oriented parallel to the fiber axis and are held together 
by means of hydrogen bonds (van der Waals forces) and salt linkages between 
certain charged centers along the backbone. The origin of the charged centers 
must be the content of arginine, lysine, histidine, glutamic and aspartic acids. 
The acid- or base-binding power of collagen has to do primarily with these 
particular acidic or basic amino acids. 

During the past 15 years, a number of investigators have analytically 
studied the amino acid content of gelatin and collagen. Much of the data 


Table 22. Amino acid Frequencies in Gelatin. 


Amino acid 

wt. <%) 

Mol Wt. 

Gm. Mol. 

Frequency 

Glycine 

25.5 

75 

0.34 

3 (2°*3,) 

Proline 

19.7 

115 

0.17 

6 (2 1 * 3|) 

Hydroxyproline 

14.4 

331 

0.11 

9 (2° • 3a) 

Alanine 

8.7 

89 

0.098 

9 (2° *30 

Arginine 

9.1 

174 

0.052 

18 (2 1 • 3s) 

Leucine-isoleueine 

7.1 

131 

0.054 

18 (2 1 -3a) 

Lysine 

5.9 

146 

0.040 

24 (2*-3i) 
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used today dates back to the early results of Dakin. 26 Bergmann 11 in a very 
systematic investigation has thrown new light upon the arrangement and 
periodicity of the amino acid residues contained in the polypeptide chain of 
gelatin. Table 22 shows the frequency of occurrence of certain amino acids 
contained in gelatin. 

Atkin 6 in 1933 discussed the composition of gelatin and collagen and con¬ 
cluded that its molecular weight should be approximately 34,500. Bray- 
brooks 15 in 1939 recalculated Atkin’s data and showed that the collagen 
molecule should contain 2 histidine, 12 lysine, 16 arginine, and 49 dicarboxylic 
acid residues. He also calculated the theoretical tit ration curve of collagen. 
Highberger 39 in 1937 determined the basic amino acid content of purified 
collagen and obtained results somewhat at variance with those of other 
investigators, which might have been due to a difference in material studied. 
Table 23 shows the amino acid content of gelatin and collagen as obtained by 
several analysts, expressed as percentage of dry material. 


Table 23. Amino Acid Analysis of Gelatin and Collagen. 


Ammo Acid 

l 

Gelatin* 

II 

Gelatin t 

Ill 

Collagent 

IV 

Collagen! 

Glycine 

25.5 

26.5 

24.7 

— 

Alanine 

8.7 

87 

— 

— 

Valine 

— 

— 

— 

— 

Aspartic acid 

3.4 

— 

3.5 

— 

Glutamic acid 

5.8 

— 

5.7 

— 

Arginine 

8.2 

9.1 

8.4 

7.69 

Lysine 

5.0 

5.9 

4.7 

4.12 

Histidine 

0.9 

— 

0.6 

0.30 

Tyrosine 

— 

— 

1.0 

— 

Proline 

9.5 

17.5 

18.9 

— 

Oxyproline 

14.1 

14.4 

10.8 

— 

Leucine 

7.1 

7.1 

— 

— 

Phenyl alanine 

1.4 

— 

~~ 

— 

Serine 

0.4 

— 

— 

— 

Amid N. 

0.5 

— 

-- 

— 


* Astbury and Atkin, Nature , 132, 348 (1933).** 
t Bergmann and Stein, J . Biol Chem , 128, 217 (1939). 
t Schneider, Collegium , 97, 97 (1940) 

§ Highbeiger, Stiaeny Festschrift (1937). 


Since for acid- and base-combining capacity only the terminal charged 
groups of the acidic and basic amino acids are important, the authors have 
taken column I of Table 23 and calculated the theoretical acid- and base¬ 
binding power from these values. These art; given in Table 24. 

Atkin suggested that the acids still unaccounted for must be of relatively 
high molecular weight. It is still unknown whether these missing acids 
contain more than one carboxyl group, but Atkin suggests they must at least 
contain hydroxyl groups. If the amounts of arginine, lysine, and histidine 
are added together, it is then found that the sum agrees rather well with the 
maximum amount of acid bound, as determined by a number of investigators. 
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However, the sum of the amounts of glutamic and aspartic acids as given in 
Table 24 does not in any way agree with the maximum base fixation as given 
in the literature. Such difference would lead to the belief that the unknown 
acids must contain additional base-binding groups. Braybrooks, in dis¬ 
cussing Atkin's research, presents the idea that since gelatin has an isoelectric 
point at pH 4.7, there must be more acidic than basic groups, particularly 
since the basic groups are “stronger.” 


Table 24. Amino Acid Content of Gelatin and Calculated 
^Theoretical Acid or Base Fixation Values. 


Amino acid 

Per cent 

Milhinol per gm 

1. Aspartic acid 

3.4 

0.257 

2. Glutamic acid 

5.8 

0.394 

3. Tyrosine 

1.0 

0.055 

4. Amid nitrogen 

0.5 

0.358 

1 _l_ 2 — 4 


0.293 

1 + 2 + 3 


0.348 

5. Arginine 

8.2 

0.471 

6. Lysine 

5.0 

0.343 

7. Histidine 

0.9 

0.060 

5 + 6 + 7 


0.874 

5 + 6 


0.814 


In 1931, Hitchcock 42 measured the acid- and base-binding power of gelatin 
at 30° C. This curve is shown in Figure 24. It is typical of the results 
obtained for other soluble proteins, such as egg albumin and serum albumin. 
In the Hitchcock curve for gelatin, no break is evident at the isoelectric point, 
and this is in agreement with the fact that soluble proteins have sharply 
defined isoelectric points in contradistinction to the fibrous proteins. The 
trend of this curve indicates a maximum acid binding of approximately 0.96 
milliequivalent per gram of protein; an isoelectric point at pIJ 4.7; a rather 
broad plateau in pH zone 6.5 to 8,5; and an approximate base fixation of 0.95 
milliequivalent of base per gram of protein at. pH 12.5. The plateau region 
near pH 8.0 appears to mean that one set of ioriizable groups has given off 
all of its available protons in this region. 

As has been shown for the dissociation curve of an amino acid or a peptide, 
each section indicates a single group capable of adding or donating a proton. 
In the case of a protein, such a simple relation is not possible, because the 
constants are so close to each other. Thus in Figure 24, on the alkaline side 
of the isoelectric point protons are given off in steps, corresponding to 0.36 
milliequivalent at approximately pH 8.0 and an additional 0.54 milliequivalent 
at pH 12.0. Most investigators agree that the very central zones of the 
protein dissociation curve represent a truly reversible proton donor and 
acceptor condition, but some doubt exists as to whether the protein retains 
its original qualities at low and high pH values. 68 

Jordan-Lloyd and Bidder investigated the dissociation curve of collagen. 
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These data are shown in Figure 15. For collagen they show only an indica¬ 
tion of a maximum acid fixation of better than 0.8 milliequivalent per gram, 
an isoelectric zone in the pH range 4.5 to 6.5, a broad plateau in the pH zone 
8.0 to li.O, and no real base-finding maximum even at pH 13.0. 

The data obtained by Highberger, 38 using a special, highly purified collagen, 
is quite different from similar data obtained by any other worker in this field. 
His curve for the purified collagen shows no real indication erf a maximum 



acid fixation, but an actual decrease in the value at pH values less than 2.0; 
an isoelectric zone in the pH range 4.9 to 6.0; a broad plateau in the range 
pH 7.0 to 10.1; and no real values for maximum base binding in the more 
alkaline zone. Highberger questions the validity of applying the potentio- 
metric method, used for the soluble proteins, to the heterogeneous fibrous 
protein systems, Highbergcr’s point is well taken, since the low values of 
acid fixation at pH values less than 2.0 might be ascribed to variations in the 
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ratio of acid and water absorbed by the protein. A similar condition obtains 
at pH values greater than 12.5. 

Atkin 7 in 1937 studied the acid- and base-binding capacity of deaminized 
collagen. In reference to the titration curve obtained, Atkin refers to the 
portion of the curve between the isoelectric point and pH 8.0 as representing 
free carboxyl groups in excess of those required to form salt linkages with 
basic groups in adjacent chains. He drew certain conclusions from his 
titration curve, which the authors believe apply generally to all collagen 
titration curves; for this reason they are listed: 

(a) From the isoelectric point to pH 2.0 back titration of charged carboxyl 
groups occurs, 

(b) From the isoelectric point to pH 7.5 straight titration of free and 
unionized carboxyl groups takes place. 

(c) From pH 7.0 to 9.0, back titration of histidine occurs. 

(d) From pH 9.0 to 12.0, liberation of protons from the charged amino 
groups of lysine occurs. 

(e) At pH values greater than 12 0, back titration of flu? basic ions in 
arginine occurs. 

In 1940, McLaughlin and Adams 58 investigated the sulfuric acid-binding 
capacity of collagen. For this study, these investigators used a unique 
method of determining the bound or fixed acid. After equilibrium 1ms been 
attained, the collagen-acid compound was pressed twice at 5000 pounds per 
square inch in a hydraulic press. The pressed material was then air-dried, 
ground to a tine powder and then analyzed for hide substance and bound 
sulfate. Although modifications of this method were used by Theis and 
Jacoby 71 for investigations of silk fibroin, hair keratin and collagen, the 
original method as used by McLaughlin and Adams is here given verbatim. 

“Whole, bated calf skins were brought to pH 5.0 by the addition of small 
increments of hydrochloric acid. They were then washed until free of uncom¬ 
bined neutral salts, when they showed a pH value of 0.5. They were then cut 
into strips and placed in frequently changed portions of acetone until 
thoroughly dehydrated. The acetone was allowed to evaporate from the 
skin at room temperature, and the now dry strips were cut into pieces one-half 
inch square, which were then well mixed. 

“Ten grams calf skin hide substance in the form of squares prepared as 
described above were weighed into an 8-ounce stoppered bottle. Distilled 
water was then added and the hide substance was allowed to soak 30 minutes. 
The required amount of N/ 1 H2SO4 was then added and a final volume of 
solution of 100 ml was measured. The bottles were then continuously agitated 
for 24 hours in a water bath at 19 rpm and 70° F, this time of agitation having 
been found sufficient for attainment of equilibrium. At the end of 24 hours, 
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the samples were removed and poured into funnels and allowed to drain. 
The volume of the drained solution was noted and its pH value electromctri- 
cally determined. The drained squares were then pressed twice in a hydraulic 
press at 5000 lbs pressure. They were air dried after pressing and were ground 
in a Wiley mill. The acid SO 4 and nitrogen were then determined on each 
pressed sample, and the acid content on the hide substance basis calculated 
therefrom. The detail of the acid S0 4 determination is as follows: a 1.0-gram 
sample is weighed into a 125-ml Erlenmeyor flask and treated with 10 ml 
HNOs. The sample is then boiled on a hot plate until the volume is about 
5 ml; it is then cooled, treated with 10 ml cone. IICl and again evaporated 


Table 25. 


Grams HaSO* 

Grams 

Grams 

pH of 

given per 100 giua 

Add 

Acid 

Residual 

Collagen 

Fixed 

Unfixed 

Ac»d Solution 

4.00 

3.72 

0.28 

2.35 

5.00 

4,44 

0.56 

2.05 

6.00 

4.72 

1.28 

1.75 

6.40 

5.14 

1.26 

1.75 

7.20 

5.24 

1.96 

1.60 

8.00 

5.38 

2.62 

1.50 

8 80 

5.82 

2.98 

1.40 

9.00 

5.92 

3.68 

1.30 

10.40 

5 93 

4.47 

1.25 

11.20 

6.06 

5.14 

1.20 

12.00 

6.08 

5 92 

1.15 

13.00 

6.37 

6.63 

1.10 

14.00 

6.44 

7.56 

1.08 

15.00 

6.46 

8.54 

1.00 

16.00 

6.65 

9.35 

0.98 

17.00 

6.66 

30.34 

0.92 

18.00 

6.83 

11.17 

0.90 

19.00 

7 00 

12.00 

0.85 

20.00 

8.78 

11.22 

0.90 

21.00 

8.88 

12.12 

0.83 

22.00 

9.50 

12.50 

0.80 

23.00 

9.72 

13.28 

0.79 

25.00 

9.50 

15.50 

0.73 


to a volume of 5 ml. It is then transferred to a GOO-ml breaker and neutral¬ 
ized with NH4OH (litmus). After diluting to about 300 ml and adding 5 ml 
cone. HOI, the sample is boiled and treated with 10 ml 10 per cent BaCh. 
After standing overnight the sample is filtered through a Gooch crucible, 
washed five times with hot water and then ignited for one hour. Nitrogen 
was determined by the usual Kjeldah) /Gunning method. The original pre¬ 
pared skin squares showed a negligible sulfate content.” 

The data obtained in the investigation of McLaughlin and Adams arc given 
in Table 25 and Figure 25. 

Regarding the data shown above, McLaughlin and Adams summarize it 
as follows: 

“When collagen is treated with sulfuric acid in amounts ranging from 4 
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Figure 25 


Table 26. 


which Acid 


% Add 

SO* 

% NhjSO* 

% Add 

SO* 

pH 

Exhaust 

SO* id of total 
SO* in original 

given 

given 

Fixed 

Solution 

solution 

10.00 

0.00 

5.86 

1.32 

100.0 

10.00 

5 00 

5.72 

1.35 

74.7 

10.00 

10.00 

5.51 

1.41 

59.7 

10.00 

20.00 

5.02 

1.52 

42.5 

10.00 

30.00 

5.15 

1 60 

33.0 

10.00 

40.00 

5 01 

1.63 

27.0 

10.00 

50.00 

5.01 

1.68 

22.9 

10.00 

60.00 

4.98 

1.68 

19.8 

10.00 

80.00 

4.87 

1.70 

15.6 

10.00 

100.00 

4 84 

1.78 

12,9 

15.00 

0.00 

6 97 

1.00 

100.0 

15,00 

5.00 

6.78 

1.01 

81.6 

15.00 

10.00 

6.51 

1 08 

68.9 

15.00 

20.00 

6.37 

1.11 

52.6 

15.00 

30.00 

6.08 

1.20 

42.5 

15.00 

40.00 

6.02 

1.30 

35.7 

15.00 

50.00 

5,67 

1.33 

30.7 

15.00 

60 00 

5.48 

1.35 

27.0 

15.00 

80.00 

5.37 

1.40 

21.7 

15.00 

100.00 

5.31 

1.40 

18.1 

20.00 

0.00 

7.63 

0.90 

100 .Q 

20.00 

5.00 

7.56 

0.90 

85.6 

20.00 

10.00 

7.71 

0.99 

74.7 

20 00 

20.00 

7.16 

0.99 

59.7 

20.00 

30.00 

6.85 

1.13 

49.6 

20.00 

40.00 

6.35 

1.19 

42.5 

20.00 

50.00 

6.33 

1.21 

37.2 

20.00 

60.00 

6.15 

1.25 

33.0 

20.00 

80.00 

5.97 

1.30 

27.0 

20,00 

100,00 

5.88 

1.35 

22.8 
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to 19 per cent, the log of acid bound plotted against the log of the unbound 
yields a straight line. When 19 per cent sulfuric acid is given collagen, 
7 per cent is fixed, under the experimental conditions outlined herein. 
When amounts of sulfuric acid greater than 19 per cent are given, the 
amount of acid fixed increases and may reach around 9.50 per cent. 

The reactivity of collagen and acid is a subject of great importance in 
both the theory and practice of tanning.” 

In 1942, McLaughlin and Adams , 57 in a subsequent .study, investigated 
the effect of sodium sulfate upon sulfuric-acid fixation of collagen. They 
found that the presence of salt decreased the amount of H 2 SO 4 bound by the 
collagen from a given acid solution. Table 26 and Figure 26 give their data, 
where percentages given are based on collagen. 



From a cursory examination of these data, it might appear that these investi¬ 
gators are at variance with data presented by other workers in this field. 
Such is not the case, however, since if these data are plotted versus equilibrium 
pH value, it is found that the neutral salt actually increases acid fixation in a 
given pH range. 

In 1941, Theis and Jacoby 71 made an investigation of the acid- and base- 
binding capacity of animal skin collagen. For this investigation, these 
workers used specially prepared skin collagen. This collagen was prepared 
by projxuly soaking goat skin and then liming it in a sharp lime for 24-48 
hours. The hair and adhering flesh was removed—the skin then washed 
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thoroughly in running water until free of soluble Oa(OH) 2 . The thoroughly 
washed skin was then treated with acetic acid so as to remove bound Ca(OH) 2 . 
After again washing, the skin was dehydrated by frequent changes of acetone 
and alcohol. The dehydrated material was then cut into pieces 0.5 X 1.5 
inches for use. 

The experimental technique used by Theis and Jacoby was identical with 
that described earlier for their investigation of the acid or base binding of 



silk fibroin and hair keratin. In most cases an equilibrium period of some 
72 hours’ contact with the acid or alkali was used. However, at pH values 
less than 2.0 and greater than 12.0, an 18-hour period sufficed. This decreased 
period of contact was necessary to retard hydrolysis and simplification of the 
protein at the low and high pH values. 

Table 27 and Figure 27 give the data obtained by Theis and Jacoby for 
the collagen investigated by them. Curve A of this figure represents aqueous 
acid or base solution, and Curve B represents that of acid or base solution 
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maintained 0 AN with respect to potassium chloride. Both curves indicate a 
maximum acid fixation of approximately 0.94 milliequivalent per gram of 
protein at pH values less than 1.0 and a maximum alkali fixation of approxi¬ 
mately 0.46 milliequivalent per gram of protein at pH values greater than 12.8. 
The curve for the aqueous solutions (Curve A) shows a sharp slope in the pH 
range 2.0 to 4.2, a broad isoelectric zone in the pH range 4.6 to 7.5, a.rather 
broad plateau in the alkali fixation range pH 8.0 to 11.0, and a sharp increase 
in alkali fixation at pH values 11.0 to 12.0. Curve B, representing salt 
solutions of acid or base, while showing the same maximum acid or base 
fixation, has an entirely different trend in other sections of the curve. It 
shows a much decreased slope in the pH range 2.0 to 6.0, a definite isoelectric 
point at pH 7.6 and a much increased alkali binding in the pH range 8.0 to 
10.0, with a rather flat region between pH 10.0 and 12.0. 

The analysis of the collagen for arginine, lysine, histidine, aspartic acid, 
glutamic acid and tyrosine indicates that there should be a maximum acid 
fixation of approximately 0.874 milliequivalent per gram of protein and a 
maximum base fixation of 0.348 milliequivalent per gram of protein. The 
values given in Figure 27 show approximately an 11 per cent greater value 
for acid fixation and some 30 per cent greater values for base fixation. The 
values for maximum acid fixation, however, are approximately those obtained 
by Hitchcock for gelatin. However, with regard to base fixation, the values 
shown in Figure 27 are decidedly more in line with analytical data than those 
given by Hitchcock, by Jordan-Lloyd and Bidder, and by Highbergcr. 

The displacement of the titration curves using potassium chloride solution 
rather than a mere aqueous solution is undoubtedly caused by the salt 
effecting a more uniform diffusion of the acid or base into the collagen and 
can be readily explained by the Donnan membrane equilibrium theory. By 
using potassium chloride solutions of add or base, a definite isoelectric point 
is attained. Beek, 10 Highbergcr 40 and Theis 73 have shown by electrophoretic 
studies that the true isoelectric point of collagen is at pH 7.6 to 7.8. However, 
standard titration curves for collagen have always indicated an isoelectric 
point approximating pH 5.0, and it has been difficult to correlate values 
obtained by this means with those obtained by electrophoresis. Curve B 
shows rather clearly that the isoelectric point obtained by Theis and Jacoby 
agrees well with values obtained by electrophoretic studies. 

Further investigation by Theis and Jacoby showed that after some 20 
hours contact with acid at pH 0.85 or pH 12.5, collagen was attacked and 
hydrolysis and simplification occurred. Data obtained showed a sharp 
increase in acid fixation taking place after a 20-hour contact period. For this 
reason, Theis and Jacoby in later studies used a 20-hour reaction period in 
the more acid and in the more alkaline regions in place of the usual 72-hour 
period for the less acid or alkaline zone. The dotted portion of the curves 
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shown in Figure 27 indicates the most probable values of maximum acid* or 
base-binding capacity of the collagen. These corrected maximum values 
for acid- or base-binding power are, then, 0.85 milliequivalent of acid and 0.35 
milliequivalent of base bound per gram of protein, and are well in line with the 
analytical data shown in Table 27. 

The Acid and Base Fixation of Denatured Collagen 

Theis 74 and his students have shown that when collagen in the presence 
of moisture is heated to 65° C or above, irreversible shrinkage takes place. 
Under such conditions, it may be said that the collagen has been heat- 
denatured. Gottschlich 29 and Jensen 44 call this phenomenon “thermal rigor/’ 



and CJustavHon 83 uses the term “hydrothermal stability.” Theis found that 
shrunken collagen fixed less chromium salt than did untreated collagen. For 
this reason, Theis and Jacoby 76 turned their attention to an investigation of 
the acid- and base-binding capacity of heat-shrunken protein. For this study 
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they used a special collagen, the preparation of which has been described 
earlier in this chapter. The collagen was shrunk before its equilibrium contact 
with acid or base. Figure 28, covering the data taken, shows: 

(1) The particular natural collagen has an isoelectric point at pH 6.3 
while the heat-denatured protein has one at approximately pH 8.0. This 
shift of the isoelectric point to the more alkaline region substantiates 
Paulings’ 60 suggestion, namely, that the isoelectric point, upon denaturing, 
shifts toward neutrality. Such data might also indicate that upon denaturing 
the basic groups of the collagen become “stronger” and play a more predomi¬ 
nant role. This shift of the isoelectric point is very definite in nature, 
actually causing a displacement of the titration curve to the more alkaline 
region of some 1.8 units of pH at this point. 

(2) Curve A is the usual characteristic titration curve for native collagen, 
showing some 0.87 milliequivalent of acid fixed per gram of protein, a plateau 
in the pH range 7.0 to 9.5, and a maximum base-binding capacity of 0.42 
milliequivalent per gram of collagen. Curve B represents the acid- or base¬ 
binding of the heat-denatured collagen. This curve shows practically the 
same maximum acid- and base-binding power as that shown in Curve A. 
However, the heat-denatured collagen shows a difference in acid and base 
fixation capacity in the pH region 4.5 to 10.0. In this particular range, the 
denatured collagen show's increased avidity for the hydrochloric acid and a 
decreased base-binding power. The data of Theis and Jacoby lend strength 
to the idea that heat denaturization gives some slight increase in strength 
to certain of the titratable groups rather than in their number. It appears 
evident that the strength of the basic groups is materially increased and that 
that of the acidic groups is decreased. 

To explain the phenomenon—-namely, the shift of the isoelectric point and 
the difference in the titration curve from that of native collagen—requires 
more experimental data than is contained in the literature. Bull 18 points out 
the confusion existing at the present time regarding this question. Ixnighlin 64 
claims that the titration curve for heat-denatured proteins is identical with 
that for the native protein, while Chow' and Wu 21 claim a real difference 
exists. Michaelis and Davidson 69 indicate that the isoelectric point of 
denatured protein is higher than that of native protein. Bull believes that 
this difference in titration cannot be marked and that the lack of difference 
argues against any great destruction of the zwitterion structure. Hendrix 
and Wilson 37 claim a considerable decrease in both the acid- and base-binding 
capacity of the coagulated protein (egg albumin). As an explanation of the 
effect of heat denaturization upon the titration curve, Cohn, McMeekin, 
Edsall and Blanchard 23 suggest that the carboxyl and amino groups may 
come within each other’s sphere of attraction and thus reduce the zwitterion 
character. Jordan-Lloyd 60 indicates that the value of the isoelectric point 
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of a protein depends not only upon the number but also upon the proximity 
and space arrangement of the charged groups; thus denaturization may cause 
such a change in molecular configuration as to shift the isoelectric point of the 
protein drastically. 

The data of Theis and Jacoby definitely show a change in isoelectric point. 
Such results are entirely in line with the suggested ideas of Michaelis and 
Davidson and of Pauling. It may very well be that the dehydration occurring 



during the supercontraction of the collagen structure during heat denaturiza¬ 
tion causes a change in the zwitterion linkages, converting a number of them 
to possible coordinate links. Such coordinate bonds might easily reverse in 
the higher acid and alkaline regions, thus causing the same acid or base 
binding at low and high pH values. 

Many investigators have found that calcium chloride causes shrinkage 
not only of native collagen but also of vegetable- and chrome-tanned leathers. 
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Theis and Jacoby investigated the effect of such salts as potassium chloride, 
sodium sulfate, and calcium chloride upon the acid and base fixation of 
collagen. For this work they used acid or base solutions made 1.0N with 
respect to the salts used. Collagen was placed in such solutions until equilib¬ 
rium obtained (72 hours), after which the collagen was removed, pressed, dried, 
and analyzed for II + or OH“ bound. Figure 29 shows the data taken, which 
indicate that the isoionic point of the collagen-CaCl 2 compound has been 
definitely shifted to a more acid point or that the ability of the collagen-CaOL 
compound to bind acid has been lessened while the ability to bind alkali 
has been increased in the isoelectric zone. The maximum acid or base fixation 
capacity has not been altered, however, as can readily be seen from the figure. 
Potassium chloride and sodium sulfate have definitely no effect upon the iso¬ 
ionic point of the collagen compound. 

It will be shown later in this chapter that calcium chloride readily com¬ 
bines with collagen in the pH range greater than 3.0 and that potassium 
chloride combines to a much less degree. Since concentrated solutions of 
calcium chloride so drastically weaken the structural forces of collagen, it is 
reasonable to expect certain changes to have occurred which may modify 
the acid- or base-binding capacity of the collagen-CaCU compound. The 
data definitely indicate a denaturization effect. 

Sulfuric Acid Binding of Collagen 

In 1940, McLaughlin and Adams studied the binding of sulfuric acid and 
collagen and in 1942 57 the binding of this acid in the presence of sodium 
sulfate. These data have already been discussed. In 1941, Theis and 
Jacoby 76 investigated the collagen-sulfuric acid reaction with the idea of com¬ 
paring it with collagen-hydrochloric reactivity. Theis and Jacoby found that 
the titration curve obtained with sulfuric acid was somewhat different from 
that obtained with hydrochloric acid. Both McLaughlin and Adams and 
Theis and Jacoby showed that at low pH values more sulfuric acid was bound 
than hydrochloric acid under the same conditions. Such findings are difficult 
to explain, since the results of Loeb orl show the direct opposite. Loeb used 
his data to explain the correctness of the chemical viewpoint in relation to the 
protein-acid or -alkali systems. However, Loeb carried his pH values to 
2.2-2.4 only, and it is at lower pH values that sulfuric acid shows greatest 
variations from hydrochloric acid. Figure 30 gives the data taken by Theis 
and Jacoby for sulfuric acid, sodium hydrogen sulfate and sulfamic acid. 
This shows that both sulfuric acid and sodium hydrogen sulfate cause a 
greater maximum H f ion fixation than does hydrochloric acid (see Figure 27). 
Sulfamic acjd, on the other hand, gives approximately the same maximum 
H“* ion fixation as hydrochloric acid. Steinhardt, Fugitt and Harris, 69 in a 
study dealing with the relative affinities of the anions of strong acids for wool 
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proteins, ascribe the difference in their titration curves to wide variation in 
anion dissociation constants characterizing the corresponding protein-anion 
combinations. These investigators used such acids as hydrochloric, nitric, 
trichloracetic, ethyl-sulfuric, etc. They did not make a study of the protein- 
sulfate combination because of complications caused by the dibasic acid. 



Figure 30 


Combination of Salts and Proteins 

The actual combination of salts with proteins has been studied by only a 
few investigators. This is largely because of the difficulties encountered in 
the actual methods of their determination. Pauli 62 held that neutral salts 
form adsorption compounds with non-ionized protein molecules in which both 
ions of the salt were simultaneously absorbed. Loeb 53 postulated, “When 
neutral salt is added to a gelatin solution on either side of its isoelectric point 
only a depressing action of that ion which has the opposite sign of the charge 
to the protein ion is observed/’ and “At the isoelectric point, i.e., at pH 4.7, 
gelatin can combine with neither ion of a neutral salt; at a pH > 4.7, only 
the metal ion of the neutral salt can combine with the gelatin, forming metal 
gelatinate; at a pH <4.7 only the anion of the neutral salt is capable of com¬ 
bining with the protein, forming gelatin-acid salts.” 

Hardy 34 in 1905 postulated the formation of compounds between protein 
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and neutral salts, the combination being between the salt and the amino 
groups— 

Na 

—NH* -NH^ 

R -f NaCl- \l 


-COOH 


—COOH 


Adolf 1 in 1923 stated that in O.IA^ solution, four moles of alkali chloride bind 
one mol of globulin. Pauli 62 and later Leuthardt 82 suggested salt fixation 
through coordination of the salt with the charged amino group: 

-OOC * R • NH* + + Me+X~-+ ~ OOC • R • NIL • MeX + IP 


It has also been suggested that neutral salts may coordinate at the carboxyl 
group of the protein. Anslow and King 2 concluded from their studies that 
the central metallic atom coordinates with either one or both of the oxygen 
atoms of the carboxyl groups of the amino acid: 
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Pfeiffer indicates similar coordination for betaine and the haloid salts: 
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Northrop and Kunitz 61 in 1924-28 studied the combination of a great 
many salts with gelatin. They found that the activity of an ion in a protein 
solution could be determined bjj setting up a Donnan equilibrium and then 
measuring the total ion concentration outside and inside the membrane. 
They found, however, that under the best conditions, the error in the final 
calculated value might be 10 or 20 per cent. Their results, using CuCL, 
indicated a maximum fixation of Cu ++ ion of approximately 0.9 millimol per 
gram of gelatin, well in line with the equivalent combining power of gelatin 
f for H + ion. Identical conclusions were reached for CV' 4 " ion fixation at pH 
4.7, but no ion was bound at pH values less than 3.0. Northrop and 
Kunitz found no combination of K, Li, or Na. 

Greenberg and Schmidt 32 have shown that when casein is dissolved in 
solutions of the alkaline-earth metals, the transport number of the casein ion 
is above normal. These investigators conclude that such data indicate the 
presence of complex metallic-containing casein ions, since some of the metallic 
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element is carried in a direction contrary to its normal path. Greenberg and 
Schmidt schematically express the complex as follows: 

M a protein * IM ++ + M< 0 -*) protein - 2x 

where M stands for the alkaline-earth metal, a the valency, and x the amount 
of the metal dissociated. These investigators found that when Mg(OH) 2 
was added to casein, 58 per cent of the total alkaline-earth metal was com¬ 
bined with the protein as a negatively charged complex ion; for Ca(OH)s 
06 per cent; for Sr(OH )2 some 54 per cent; and for Ba(OH )2 74 per cent. 

Goigner and Pauli 27 studied the fixation of silver by serum albumin. These 
workers used a silver electrode and calculated the silver bound by means of 
the Nernst formula. Their results indicated that the amount of silver bound 
by the protein is not proportional to the concentration of the albumin. 
Through conductivity studies, these same investigators found that the amount 
of silver bound to the protein increases with increasing concentration of silver 
nitrate and tends toward a maximum value. Carroll and Hubbard 19 studied 
the influence of pH on the silver-binding power of gelatin. Their data indicate 
that the amount of Ag + ion bound increases with increasing pH value and the 
amount of Ag+ bound is a minimum at the isoelectric point, but does not 
decrease to zero. At corresponding activities, gelatin was found to fix much 
more Oil” than Ag+ ions. 

Theis , 77 in an investigation of the neutral salt fixation by collagen, found 
that certain of these salts were bound to a greater extent than others. For 
this investigation Theis used a technique similar to that employed for the 
estimation of acid and base fixation. A great many experiments dealing 
with H f or OH” ion binding had shown that such neutral salts as NaCl, 
KOI, and NH 2 SO 4 have no significant influence on the isoionic point of the 
collagen; but such salts definitely influenced the slope of the titration curves. 
Theis' investigations on the collagen-neutral salt compound were confined to 
systems containing KOI, CaCl 2 , and BaCK Various neutral salt concentra¬ 
tions over a wide pH range were studied. Figure 31 illustrates the data 
taken for the systems [KC1-HC1 and KOl-KOH] and [CaCVHCl and 
CaCl‘ 2 -Ca(OH) 2 ]. The systems were varied from 0.1 N to 1.0 N with respect 
to neutral salt. This figure shows clearly that when 0.5A solutions of potas¬ 
sium chloride are used, no salt is bound at pH values lower than 5.0; when 
0.75A solutions of potassium chloride are used, no salt is bound at pH values 
lower than 3.5; when 0.4A calcium chloride solutions are used, salt begins to 
bind at pH 3.0. The data further show that calcium chloride is bound much 
more readily than potassium chloride for any given concentration of salt solu¬ 
tion. It was further found that maximum salt fixation occurred at the approxi¬ 
mate isoionic point of the collagen-salt compound. All the curves show 
similar trends in that salt is bound over a wide pH range well into the alkaline 
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zone, the salt fixation decreasing to some extent at. pH values greater than 
10.0. Taking into account the large fixation of calcium chloride over a wide 
pH range and the shift of the isoionic point of the collagon-CaCh compound, 



it would appear that the suggestions of Pauli and later of Lcuthardt are 
substantiated; namely, 

-OOC— R— NUa + + Ca* f Cl 2 —> DOC- R ~NH» *CaCl* + II 4 . 

These findings also substantiate the data given by Greenberg and Schmidt 
for calcium. 

Using more concentrated solutions of calcium chloride (0.8 N and l.ON), 
it is found that the salt combined approximates the maximum acid fixation 
power of the collagen. The results obtained by Thcis are somewhat at 
variance with those obtained by Northrop and Tvunitz, in that Theis found 
KC1 to fix with collagen. 

Investigations upon the effect of BaCl 2 have shown results similar to those 



COMBINATION OF PROTEINS 


117 


of CaCl 2 , and those employing Na 2 S0 4 have given results essentially the same 
as those for KCL 

Theis and Jacoby found that the addition of such salts as KC1, NaCl, or 
Na 2 S 04 to acid or base solution in the determination of acid or base fixation 
had no effect on the isoionic point, but that they definitely influenced the slope 
of the titration curve* These investigators found, on the other hand, that 
the addition of CaCls, BaCl 2 , or HgCl 2 not only affected the slope of the 
titration curve but caused a definite shift of the isoionic point to a more acid 
region. The binding of CaCl 2 at pH values as low as 3.0 undoubtedly influ¬ 
ences the isoionic point of the collagen, and the CaCLr-fixation must of 
necessity be the cause of the shift of this point to a more acid zone. If 
CaCh binds itself to the amino groups as — NH-r* + CaCl 2 —* NH 2 CaCl 2 
*f IJb, one would expect such a shift in the isoionic point. 


References 


1. Adolf, M , Kail Chem Bnhefte, 18, 22.1 < 1923) 

2 Anslow, W K„ and King, II . Biochem. J ., 21, 1168 (1927) 

3 Atithury, W T., J. Soc Jnl Leather Trades Chem , 24, 69 (1941V) 

4 Atkin, W. R , and Douglas, F W , J Soc. Int Leather Trades Chem , 8, 359 (1921), 

5 —, and Campon, J M , ibid.., 8, 406 (1924). 

G —. J Soc. Ini Lealhei Trades Chem , 17, 575 (1933) 

7. —, Stiasny Festschrift, 1937 

8 Bancroft, W. D , and Bamot, O E , J Phys Chem , 34, 449, 753, 1217, and 2433 (1930), 36, 1285, 2299 
(1932); Bancroft, W D , and Ridgway, S L , J Phys, Chem , 36, 1285, 2295 (1932) 

9 Bock, J , A T It S J Research, 8, 549 (1932). 

10. —, and Sookno, A. M,,./. Am Leather Chem. Assoc., 34, 641 (1939). 

11 Bergmann, M., and Niemann, C„ J. Biol Chem , 115, 77 (1936) Ibul.. 110, 471 (1935). 

12. Bjcrrum, N , Z. I'hytnk Chem , 104, 147 (1923) 

13. Block, R J , Symposia on Quantitative Biology , 6, 79 (1938) 

14. —, and Vickery, II B J. Biol . Chem , 93, 105 (1931). 

15. Bray brooks, W E , J Soc Jnt. Leather Trades Chem , 23, 73 (1939). 

10 Bionsted, J N , liec. trav . chxm , 42, 718 (1923). 

17. Bugarzky, S , and Liebernmnn, L , Aichw ges Physiol , 72, 51 (1898). 

18 Bull, H B„ Symposia on Quan. Biology, VI. 140 (1938) 

19 Carroll, B II , arid Hubbard. D , J. Res V. B. S„ 7, 811 (1931). 

20. Chapman, L. M.. Greenberg, D M , and Schmidt, C. L A . J Biol Chem , 73, 651 (1927). 

21 Chow, C Y., and Wu, 11 , Chinese Physiol , 8, 145 (1934) 

22 Cohn, K J , and Berggrcn, R K L , J. Gen Physiol., 7, 45 (1924) 

23. —, MoMeekm, T L , Ednall, .1 T , and Bianchaid, M If , J Biol Chem , 100, XXVIII (1933) 

24 Czarnet/ky, E J , and Schimdt, CAL. J. Biol Chem , 105, 301 (1934) 

25 Dakin, II D , J Biol Chem . 44, 499 (1920). 

26. Gleyateeii L F , and JlarriM M , J. Reseaich N B S , 26, 71 (1941) 

27. (ioigner, K , and Pauli, W . Biochm Z , 235, 271 (1931). 

28. Gartner, R A , “Outlines of Biochemistry,” Wiley and Sons , 2d Ed., 1938 

29. Gotsohlieh, K , Arch, ges Physiol , S4. 109 (1893) 

30 Grcenstein, J. P.,./. Biol Chem., 93, 479 (1931). 

31. —, ibid., 95. 465 (1932) 

32 Greenberg, D M , and Schmidt, C LA, J. Gen. Physiol , 8, 271 (1920) 

33. GustavBon, K H., "Handbuch der Gerboreichemie und Lederfabnkatian,” Julius Springe!, Dresden, 
1941. 

34. Hardy, W. B., J Physiol , 33, 251 (1905-06). 

35. Harris, L. J., Proc. Roy. Soc (B), 95. 440 , 500 (1923), 97. 364 (1925); 104, 412 (1929); Uarris, L. J., 
and Birch, T. W., Biochem J , 24, 504, 1080 (1930). 

36. Hegmari, II L., J. Am Leather Chem. Assoc , 36, 270 (1942) 

37 Hendrix, B. M , and Wilson. J , J, Biol Chem , 79, 389 (1928) 

38. Highberger, J II., J , Am Leather Chem Assoc , 31, 345 (1936). 

39. —, Stiasny Festschrift, 1937. 

40. —,J, Am. Chem. Soc , 61, 2302 (1939). 

41. Hitchcock, D I , in Schmidt, “Chemistry of the Annno Acids and Proteins,” C C Thomas, Springfield, 

111., 1938. 


42. J. Gen. Physiol, 15, 125 (1931). , , „ t , 

43. Hoffman, W F , and (fortnor, R. A., “Colloid Symposium Monographs,” Vol 2, 209, Reinhold Publish¬ 
ing Corp., 1925. 

44 Jenson, P , Arch. ges. Physiol, 160, 333 (1941) 

45. Jordan-Lloyd, IV , and Shore, A., “Chemistry of the Proteins,” 2d Ed., London, 1938 

46. —, tbid. 

47. —, —, tlnd. 

48. —, Trans. Far Soc., 31, 317 (1935), 

49. —, and Bidder, P. B„ ibid., 31, 864 (1935). 



ns 


CHEMISTRY OF LEATHER MANUFACTURE 


50. —, and Shore, A., “Chemistry of the Proteins/’ 2d Ed., London, 1038. 

51. Kekwick, R. A , and Cannon, R. K„ Biochem. J , 30, 227 (1036). 

52. Leuthardt, F , Belv, Ckim . Acta, 15, 540 (1932). 

53. Loeb, J , “Proteins and the Theory of Colloidal Behaviour”, Second edition, McGraw-Hill Book Co., 
New York, 1924. 

64. Loughlin, W. J., Biochem J , 27, 97 (1933). 

55. Manabe, K., and Matula, J., Biochem. Z , 52, 369 (1913). 

56. McLaughlin, G, D., and Adams, R. S , J Am heather Chem. Assoc., 35, 44 (1940). 

57. —, —,37, 76 (1942). 

58. Melville, L , and Richardson, G. M., Biochem J 29, 186 (1935). 

59 Miohaelis, L , and Davidsohn, D., Biochem Z., 33. 456 (1911) 

60. Mirsky, A F., and Pauling, L., Proc Nat Acad Set., 22 , 439 (1930). 

61. Northrop, J. H. t and Kunitz, M , J. Gen, Physiol ,11, 481 (1028). 

62. Pauli, W„ Beitr. Z. Chem. Physiol, w. Pathol , 5, 27 (1904) 

63 Pfeiffer, P., and Modelski, J., von, Z Physiol Chem , 81, 3920 (1912); 85, 1 (1913) 

64 Phillips, H , J. Soc Int. Leather Trades Chem , 17, 151 (1933). 

65 Schmidt, C L A., “Chemistry of the Amino Acids and Proteins,” C. C Thomas, Springfield, III , 1938. 

66 —-, ibid 

67. Sorensen, S P L , Biochem. Z., 21, 131 (1909) 

68 . —, Linderstrora-Lang, K , and Lund, E , J. Gen Physiol , 8 , 543 (1927). 

69 Stemhardt, J., and Hams, M„ J. Research N B. S , 24, 335 (1940), Stomhardt, J , Fugitt, C H , and 
Harris, M„ t bid , 25, 619 (1940), 26, 293 (1941) 

70. Theis, E. R , and Jacoby, T, F., J. Am Leather Chem Assoc , 36, 545 (1941) 

71. —, —, ifctd., 36, 545 (1941); J Biol Chem , 146, 163 (1942). 

72. —, —, J. Am, Leather Chem A«soc„ 36, 545, (1941) 

73 —, —, ibui., 36, 375 (1941) 

74 37, 433 (1942). 

75. , J. Biol Chem., 148, 105 (1943), 148, 603 (1943) 

76 —, —, .7. Am leather Chem Assoc., 36, 260 (1941). 

77. —, —, J Biol Chem , 148, 603 (1943) 



Chapter 5 

Shrinkage Temperature of Collagen 


In the early days of chrome tanning, the practical tanner applied a simple 
test to his leather—the boil test. This test was merely to place a piece of 
the chrome-tanned skin in boiling water and note whether curling took place. 
In this way the tanner judged the completeness of tannage, but no other 
significance at that time was attached to the test. Yet this test seems to 
hold immense possibilities in determining facts relating to the structure and 
the structural stability of the skin collagen. 

History of the Shrinkage Temperature 

As far as the authors can ascertain, Fahrion 13 in 1908 was the first investi¬ 
gator to discuss the behavior of animal skin in boiling water as a quantitative 
method of measuring “tanning.” He mentions that under such treatment, 
ordinary hide powder is converted into glue, chamois leather is but little 
affected, and chrome-tanned leather is affected not at all. F/ftald 12 in 1919 
measured both the shrinkage temperature and the shrinkage percentage of 
connective tissue taken from mouse tails and frog leg sinews. He found that 
dilute TIC1 treatment decreased the shrinkage temperature and that the tan¬ 
ning procedure increased it. Later, in 1924, Powarnin and Aggeew 21 utilized 
such a test in estimating the actual temperature at which leather began to 
shrink. These wnrkers studied the shrinkage temperature of a calf skin during 
its different stages of tanning, and found that after soaking it was 06.7° C, 
and after liming 42.2° 0. They further pointed out that the shrinkage tem¬ 
perature might be made of real importance as a means of determining the 
degree of tannage. Schiaparelli and Careggio 22 in 1925 described a special 
apparatus for measuring the temperature of gelatinization (Tg). They made 
a number of measurements of chrome-, quinone- and vcgetable-tarmed skins, 
as well as delimed skins. They found the shrinkage temperatures to be 120, 
79, and 45° C, respectively. 

Chater 7 made use of this test, designing a special machine for more accurate 
measurement. Chater studied the effect of the stripping action of borax 
on vegetable-tanned sheep skin. Long immersion in borax solution decreased 
the shrinkage temperature. He also studied the effect of lime suspension upon 
calf skin and found that after 1 month the shrinkage temperature had decreased 
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from 65 to 47° C. Chater found that preliminary soaking in acid and alkali 
solutions gave shrinkage temperatures first increasing toward the neutral 
zone and then decreasing in the more alkaline zone. He correlated his data 
with swelling measurements and noted certain trends. In subsequent work, 
Chater 8 concluded that the actual shrinkage temperature would be an 
excellent index for detecting any depart ure from a usual tanning procedure. 
In 1930, Chater 9 studied 1 lie shrinkage temperature of beef tissue and found 
it to be approximately the same as that of beef skin. He found that certain 
iron salts or formaldehyde have an elevating influence upon the shrinkage 
temperature of skin. Later, in 1930, Chater summarized his various papers 
somewhat as follows. At pH 5 a special condition obtains in which the skin 
protein has the capacity of attaching a maximum amount of vegetable¬ 
tanning reagent. At this particular pH, the conversion of the skin into leather 
is as complete as it can be made, resulting in a product which has a definite 
initial shrinkage temperature, characteristic and maximum for the particular 
protein-tanning agent combinations. 

Chambard and Michallet 6 in 1927 made use of shrinkage temperature 
measurements in a comprehensive study of oil tannage, and used an apparatus 
similar to that employed by Schiaparelli. Casaburi and Corradini 5 in a 
study of the shrinkage temperature of various leathers concluded that it is 
characteristic for each type of leather. Theis and Schaffer 27 in 1936 designed 
a special apparatus for measuring the shrinkage temperature of either skin or 
leather. This apparatus, in reality a modification of that shown by Stiasny, 24 
has since been approved and adopted by the American Leather Chemists 
Association. These workers made use of this instrument in their initial 
studies of formaldehyde tannage. Later, Theis and Kalb, 26 using this appa¬ 
ratus, studied the degree of leathering taking place during the chrome tanning 
process. Hobbs 15 in 1940 made use of this test in the study of vegetable- 
tanned leathers. Braybrooks 4 in 1939 made a rather extensive study of the 
relation of shrinkage temperature to pickling and tanning and suggested 
explanations of their findings. In some of the following chapters, certain 
data relating to the works of these writers will be further referred to. 

The Theoretical Significance of Shrinkage Temperature 

In previous chapters, we have discussed at length the structural chemistry 
of the fibrous proteins, and for this reason we shall now only point out the 
pertinent facts necessary for an adequate explanation of the phenomenon of 
the shrinkage temperature measurement. 

According to the present accepted view of the structure of fibrous proteins, 
such as silk fibroin, hair or wool keratins, and skin collagen, the protein fibrils 
consist of micelles which are long in relation to their thickness. These micelles 
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are oriented parallel to the fiber axis. Tn the case of silk fibroin, this fiber 
pattern might be pictured thus: 
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This diagram indicates that the polypeptide chains are held tightly 
together by means of coordinate bonds or hydrogen bridges between 
— GO —NM— groups in juxtaposition. Pauling and Niemann 20 point out 
that interactions of this type, while individually weak, can stabilize such huge 
structures as protein molecules by combining their forces hundreds of times 
in a polypeptide chain. As indicated in x-ray studies, silk fibroin is a fully 
extended protein structure; hence it does not show extensibility, but should 
show a certain contraction. Since silk fibroin contains but small amounts 
of basic and acidic amino acids, there can be but little doubt that the main 
stabilizing force is the Van dor Waals or the coordinate forces pictured above. 
Astbury 1 and Speakman 23 have indicated that in keratin fibers the chains are 
probably folded into a series of pseudo-hexagons. These are shown in Figure 4 
of Chapter 3. Such a structure might easily explain the contraction and exten¬ 
sion of wool fibers. These fundamental researches indicate at least three types 
of cohesive forces within the keratin fiber; (1) covalent linkage —S—-S—; (2) 
electrovalent or salt linkage—C 0 0 ~ 4 II 3 N - -; an d (3) coordination of adjacent 
—CO—NIT-- groups of two chains. By stretching of wool fibers in the 
natural state (a-keratin) the looped backbone' of the molecule is extended so 
that it corresponds to the backbone of the fully extended silk fibroin (/3-kera~ 
tin). Astbury believes such extension requires a breaking up of the disulfide 
or covalent linkage. Astbury and his colleagues have demonstrated a 
spontaneous contraction of the a-keratin molecule which they have termed 
“super-contraction.” This type of structural change can be pictured: 
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In a-keratin, the packing units arc extremely close together and it is very 
difficult to penetrate them, as can readily be seen from hydration and swelling 
data. 

In collagen, two types of cohesive forces must obtain; electrovalent or 
salt-like linkage and the coordinate or hydrogen bond. Thus, in collagen 
the bonding together of the polypeptide chains in all probability is largely 
the interaction between the numerous peptide linkages and to only a small 
extent between the charged centers. The collagen chains are not what might 
be called fully extended but are just slightly curled. The presence of bulky 
r— groups, such as arginine, lysine, proline or oxyproline in cis and tram 
configuration, may be responsible for the slight contraction of the collagen 
polypeptide chains. Asthury found through x-ray investigation 2.8 A per 
amino acid residue in collagen in comparison to 3.5 A per amino acid residue 
in silk fibroins. 

In collagen, the packing of the individual units is not so close as is the 
case with fibroin and wool keratin. Again, its hydration is much greater, 
probably because of the charged active cent ers and free —CO—NH— groups. 
Collagen shows greater chemical reactivity than other fibrous proteins. The 
natural or native collagen is held in compact form by coordinate and electro¬ 
valent forces. Thermal agitation weakens these cohesive forces and the 
collagen tends to revert to a stable form not requiring a strictly parallel 
alignment of the primary chains. Tn a recent dissertation Astbury 2 points 
out “when the thermal agitation is sufficient to overcome the interchain 
attractions, the chain bundles may be said to melt and the chains collapse 
upon themselves. It follows that anything that interferes with the solution 
and interactions of the side chains that form the rings of the polypeptide grid, 
or with any inter-chain linkage for that matter, must inevitably influence the 
thermal transformation temperature/' Astbury has further pointed out that 
coiling and uncoiling of peptide chains is very common in proteins. He has 
shown by x-ray studies that globular proteins are coiled and extend upon 
denaturing, that wool and keratin are partly coiled and are capable of both 
extension and contraction, but that silk fibroin and collagen are fully extended 
and are capable only of contraction. This contraction can be pictured some¬ 
what as has been suggested by Gustavson: 14 
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In native collagen, the coordinate valences are in all probability available 
for the binding of water or for interchain reaction. Upon thermal shrinkage, 
however, an initial compensation of these groupings may take place as shown 
above. This molecular rearrangement shows striking similarities to the 
melting of gelatin jellies. 

Braybrooks, MeCandlish and Atkin 4 have discussed in detail the relation 
of swelling to the shrinkage temperature of collagen. They point out the 
following pertinent facts regarding their research: osmotic swelling is the 
result of osmotic pressure generat ed by an excess of diffusible ions within the 
protein and a simultaneous reduction in cohesive forces caused by the back 
titration of the zwitterions; at extreme pH values, or in the presence of an 
increasing concentration of dissolved ions, the osmotic pressure decreases 
but the reduction in cohesion usually still obtains; swelling curves show the 
osmotic pressure generated by the free carboxyl groups at pH 6 and it is 
maintained that the back titration of histidine from pH 4 to 8 should lead 
to a small reduction in shrinkage temperature; lyotropic swelling is the 
result of a reduction in cohesion without the production of a swelling pressure. 
Braybrooks et al. believe that the shrinkage temperature is largely dependent 
upon the zwitterions, which can be broken by back titration. 

It should be pointed out that the chromium salt added during chrome 
tannage must also affect the zwitterion structure of the protein, but in this 
case the shrinkage temperature of the collagen is increased. They also postu¬ 
late that the short links are acted upon and broken by the more active neutral 
salts. In a recent publication, Wilson 29 points out that the so-called hydrogen 
bond is extremely stable under ordinary conditions; but when the protein 
becomes unduly swollen by solutions of acids or alkalies, or by the applica¬ 
tion of hot water, rupture of the hydrogen bond occurs and the initially stable 
structure is lost. He further points out that the instability of the structure 
of raw protein in contact with boiling water is due to the weakness of cross 
links. 
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Pauling, 10 in a recent paper dealing with a suggested theory of the structure 
and process of the formation of antibodies, utilizes the modern theory of long- 
chain molecules held together by the hydrogen bond linkage and then develops 
a theory of the structure and modus operandi of antibody formation and the 
chemical nature of serological reactions which is more definite and more 
reasonable than many earlier theories. Pauling has suggested that all anti¬ 
body molecules contain the same polypeptide chains as normal globulin and 
differ from it only in configuration of the chain or, in other words, in the 
manner in which the chain is coiled. Braybrooks has shown that the peptide 
chain in collagen is held in the extended condition, but that it will coil upon 
removal of the restraining forces or structural cohesion. Since rise in tem¬ 
perature increases the vibrational energy of the molecule, it would be natural, 
then, for the collagen fibers to contract upon heating, because of the reduction 
of cohesion due to the ionic attraction of the zwitterions and to the short link. 

Thus the shrinkage temperature of a protein may be defined as the point 
at which the increasing disruptive tendencies exceed the diminishing cohesive 
forces, thus making the shrinkage temperature actually a measure of the 
structural stability of the collagen expressed in temperature units. 

In this chapter, the authors will use frequently the term “hydrogen bond” 
or “bridge/ 7 but they must of necessity point out that the hydrogen bond is 
still somewhat a matter of speculation in protein structures—a fact which 
must be borne in mind. Astbury 3 has stressed this point in a recent lecture, 
“As things stand at the moment, the question of the hydrogen bond in protein 
structure is not at all one on which to embark with any confidence. To put 
the matter frankly, the detailed structure of the proteins is still largely 
unknown, and therefore, a fortiori, the role, if any, played by the hydrogen 
bond in protein structure is also largely unknown.” Whenever the authors 
have used the term “hydrogen bond” in the work to follow, they have merely 
taken advantage of current knowledge to bring about/ clarity of interpretation 
of their work. The reader may prefer the equally vague term “Van der Waals 
forces.” 

The Effect of Acid, Base and Sodium Chloride on Shrinkage Temperature 

In collagen, we should expect the salt linkage and the hydrogen bridge 
to be the cohesive forces most prominent in contributing to the structural 
stability of the protein. By means of the shrinkage temperature, we should 
be able to differentiate the effect of each of these two linkages. Figure 32 28 
indicates the structural stability, as measured by the shrinkage temperature, 
over the pH range 1 to 13.5, with and without salt addition. Curve A, 
representing acid or base solutions without added salt, indicates that mild 
alkali (pH 7 to 10) has little or no effect upon the structural stability of the 
protein, but that acid (pH 4 to 1) has a very decided effect. At pH values 
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greater than 12, a definite decrease in stability results, indicating structural 
breakdown in this region. 

From these facts, it is rather evident that the action of the acid in the 
low pH range and the alkali in the very high range is upon the short link or 
hydrogen bridge. If we examine the curve closely, we can visualize certain 
probable chemical reactions taking place. In the pH range of the isoelectric 
point up to 9, a back titration of histidine in all probability occurs. However, 
since the amount of histidine is small, the effect of such back titration should 
not be great. As the pH value increases to 12, any lysine should be affected, 
and at pH values greater than 12, the guanidino group of arginine should be 
titrated. On the acid side of the isoelectric point, the aspartic and glutamic 
acid should be affected, being back titrated and probably reaching approxi¬ 
mate maximum values at pH 2. Thus, we might say in the pH range 2-13, 
salt linkages are affected—the effect being dependent upon pH value. The 
breakdown of structural stability due to salt linkage might be pictured as 
follows: 



acid 

+ T 

alkali 1 


—NH* HOOC— 

X 1 

. " i 
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Further consideration of Curve A and values representing acid-base 
fixation indicate that at pH 3 approximately 00 per cent of the acid-fixing 
groups have been satisfied- indicative of a reasonable destruction of salt 
linkages. This same reasoning will obtain at pH 12. Thus it would be logical 
to assume in the pH range 3 to 12 that most of the changes in structural 
stability are due to effects upon the salt linkage. There are undoubtedly 
effects upon the hydrogen bond linkages in this region also, and these will be 
discussed later. Curve A indicates that the back titration of the charged 
amino or carboxyl groups affects the stability of the protein to a very reason¬ 
able degree only. 

The effect of strong acid or alkali upon the hydrogen bond is especially 
noticeable at pH 1 and 13. However, the structural stability of the protein 
due to the hydrogen bond linkage is affected in the acid range 1 to 3 and 
alkaline range pH 12-14 as can readily be seen from the curve in those regions. 
In the pH range 3 to 1, Curve A shows a decided break in structural stability 
indicative of a more drastic change than the mere back titration of charged car¬ 
boxyl groups I—NH 3 ^ “000—| —> |—NH;i + HOOC—| , since a goodly number 
of these salt bridges must have been weakened and broken in the less acid 
region. It would therefore appear that acid, especially at low pH values, 
has a real and pronounced effect upon the short link or hydrogen bond struc¬ 
ture. In the pH range 2 to 3, a large amount of swelling occurs, which un¬ 
doubtedly affects the ability of the structure CO—NH to maintain itself, 
and thereby structural weakness occurs. At pH 1 swelling again reaches a 
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comparatively low value, as shown by Figure 32;, but even though osmotic 
pressure has decreased, the reduction in cohesion is still evident. This fact 
was also pointed out by Braybrooks ct al 4 Curve A of Figure 32 strongly 
indicates that shrinkage temperature measurements will allow differentiation 
of action upon the salt or hydrogen linkage. 

Curve B of Figure 32 shows the shrinkage temperature of skin treated 
with salt-acid and salt-base solutions over the pH range 1 to 13. All the 
solutions used were 2.0 N with respect to sodium chloride. Comparing Curve 
B with that of Curve A, it is readily seen that the salt additions cause a real 
increase in the shrinkage temperature of the treated skin. This increased 
shrinkage temperature is noted only in the pH range 1 to 10, indicating that 
the pickling effect occurs only in this range and is not effective in strong 
alkaline solution. 

A careful study of Curve B gives rise to further possibilities in the matter 
of protein structural stabilization. In the first place, the sodium chloride 
is instrumental in decreasing swelling over the entire pH range, but especially 
from pH 1 to 4 and 6 to 10. In solutions having a pH greater than 10, the 
sodium chloride is not able to control this swelling factor. The reduction in 
swelling should make for a closer fibril network and thus cause a strengthen¬ 
ing of the cohesive forces. That such is the case can readily be seen by the 
great increase of shrinkage temperature in the pH ranges 1 to 4 and 8 to 10. 
Therefore, in the very acid range, the decreased swelling and dehydration 
might readily strengthen the hydrogen bond type of linkage. In the very 
acid range (pH 0.5 to 2.0) complete breakdown of salt linkages would have 
occurred even in the presence of the sodium chloride. Such weakening of 
this type of bond does not affect materially the structural stability of the 
protein. Curve B demonstrates this fact rather conclusively in the range 
pH 0.5 to 4.0. 

Such facts as these bear out the statement that dehydration within reason 
causes greater structural stability, whereas swelling has the reverse effect. 
Curve B further substantiates the contention that it is the effect upon the 

>CO- NH < linkages and not on the salt linkages that really brings 

about structural weakness. While it is true that there is a weakening of 
cohesion forces through back titration of charged groups in the acid and 
alkaline range, the actual breakdown in structure in the very acid and very 
alkaline ranges is undoubtedly due to action of the strong acid or base upon 
the hydrogen bonds. The addition of salt (NaCl) in sufficient amounts retards 
such action and through dehydration actually strengthens the cohesion forces, 
as can be seen from the shrinkage-temperature measurements. 

Figure 32 show's the ability of a 2N solution of sodium chloride to 
strengthen the cohesion forces of collagen over the pH range 0.5 to 10.0. 
Braybrooks et at. postulate that sodium chloride causes a reduction in shrink- 
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age temperature. These workers, however, used a 0.1 N solution, point 

out from a swelling curve for gelatin that this idea is in line With swelling 
phenomena. The gelatin swelling curve is taken from the work of Jordan- 
IJoyd, 16 wherein she shows actual lyotropic swelling by 2 N NaCI at the iso¬ 
electric point. However, in a later curve using collagen material (goat skin) 
Jordan-Lloyd 17 shows actual dehydration at the isoelectric point. The 
swelling curve given in Figure 32 shows less swelling over the entire pH range 
when using collagen strips and acid-base-salt solution made 2N with respect 
to sodium chloride. Tlius for the collagen material used, the shrinkage 
temperature and swelling data are well correlated. 

Effect of Mono- and Divalent Salts 

When less than 2N concentrations of NaCl are employed, the results 
differ from those given above. Figure 33, 28 Curve I), shows the effect of 
concentrations of sodium chloride varying from zero to 3N, all solutions 
being approximately pH 5.5 with respect to hydrogen ions. This curve shows 
that dilute sodium chloride solutions actually cause a reduction in cohesion 
forces—an action undoubtedly upon zwitterioris or upon salt bridges-- 
perhaps pictured as suggested by Braybrooks: 

Cl" Cl" Na + Na + 

-NIL Cl- Na+ "OOC—— 

CF Cl- Na + Na f 


Such reduction in cohesion forces is small as measured by the reduction in 
shrinkage temperature of some 5° (\ Curve D shows, however, that at a 
salt concentration of 1.5 moles, no reductions of cohesion result, i.c., the 
breakdown in salt linkage is exactly counterbalanced by strengthening of the 
hydrogen bonds by dehydration caused by the salt at this particular concen¬ 
tration. However, as the salt concentration rises above 1.5M, the increase 
in cohesion forces (hydrogen bonds) due to subsequent dehydration is much 
greater than the reduction in cohesion forces caused by the action of the salt 
on the salt linkages. 

It has been noted from time to time that skin actually shrinks at tempera¬ 
tures lower than 20° C in concentrated solutions of calcium chloride. 4 ’ 14 ’ 28 
This phenomenon has been carefully studied. The skin was placed in the 
shrinkage meter and the medium of heat exchange used was a solution of 
calcium chloride, the concentration of salt varying over a wide range. In this 
way Theis and Steinhardt 28 were able to study the immediate effect of the 
calcium chloride solutions. Curve A of Figure 33 gives the data so obtained. 
Curve B of this figure shows similar data, but in this case the skin was allowed 
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to remain in contact with the calcium chloride solution for 48 hours before 
determination of shrinkage temperature. In the latter case, it was found 
that the skin actually shrank, at the room temperature prevailing, at a con¬ 
centration greater Ilian 1.2/lf. 



0 .4 .8 1.8 1.6 2.0 2.4 8.8 

Figure 33. Shrink temperature of collagen treated with various salt solutions and various 
concentrations of salts. Taken from the data of Theis and Steinhardt. 


(,-urve A shows that a calcium chloride concentration of 2.6 moles causes 
instantaneous shrinkage at 16° C. Comparing Curves A and B with 1) (NaCl 
over same concentration range), it- is seen that the effect of calcium chloride is 
entirely different from that of sodium chloride. Since the data for each of these 
curves were obtained at approximately pH 6, i.e., in the isoelectric zone, 
the effect of the neutral salts should be upon the zwitterion salt linkage and 
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in the region of lyotropic swelling. Curve B shows conclusively that calcium 
chloride, even in concentrations as low as 0.0 IM, has a real effect upon the 
structural stability of the protein. Although sodium chloride in the con¬ 
centration range 0.1 to l AM decreases the shrinkage temperature at most 
5° C and at 1.6M actually increases this unit some 2° 0, calcium chloride in 
this same concentration range decreases the shrinkage temperature some 
20° C (concentration 1 ,6M). 

Sodium chloride at concentrations greater than 1.5M actually increases 
the cohesion forces of the protein; we therefore are inclined to picture calcium 
chloride as having an entirely different effect upon the collagen structure from 
that of sodium chloride. It appears to the authors that sodium chloride has 
two different and distinct actions upon collagen structure, depending upon 
the concentration. In dilute solution it acts only on the salt linkage; but in 
concentrated solution it not only acts on the salt linkage, but due to actual 
dehydration and withdrawal of water from the protein, it causes a strengthen¬ 
ing of the existing short linkages, thus creating a net gain in cohesion forces. 

The particular action of calcium chloride is evident in both dilute and 
concentrated solutions. Calcium chloride affects both the short link and the 
salt link. In more or less dilute solutions, the effect appears to be upon the 
salt linkage, causing a weakening of this type of structure. In this respect it 
appears to be far more effective than sodium chloride. It must be remembered 
that calcium chloride actually causes swelling (pseudo) in the isoelectric 
zone and also, has an extreme peptizing effect upon collagen. Thomas 
measured this effect in 1925 28A and showed that the degree of hydrolysis of 
collagen with calcium chloride was some three times greater than with sodium 
chloride. Thus calcium chloride docs not have the dehydrating effect of 
sodium chloride and actually gives a swelling effect, thus placing a strain upon 
both the salt and short linkages. At concentrations greater than 0.8 mole of 
calcium chloride, the effect must of necessity be mainly upon the hydrogen 
bonds, since complete breakdown of salt linkage could not cause such reduc¬ 
tion in cohesion forces (see Figure 32, Curves A and B). Curve B, Figure 
33 illustrates the breakdown in each type of linkage. 

Curve C of Figure 33 shows the data using magnesium chloride in place 
of calcium chloride. It indicates the same general trend, i.e. y magnesium 
chloride causes a breakdown in both types of linkage within the collagen 
molecule. The breakdown is not nearly as drastic as that caused by calcium 
chloride; but the specific action, both on the salt linkages and on the hydrogen 
bond, Is strikingly indicated. 

The foregoing data have shown the effect of some neutral salts on the 
structural stability of collagen. Table 28 gives data showing the shrinkage 
temperature of collagen when treated with various other reagents. It shows 
that all acids have a similar effect on the structural stability, the effect pro- 
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Table 28. 


Reagent 

pH 

Shrinkage 

Temperature 

<°C) 

H 2 0 

4.9 

57.0 

HCHO 

8.0 

83.5 

Picric acid 

1.82 

50.8 

Phosphotungstic acid 

3.00 

45.0 

Tannic acid 

4.57 

74.5 

0.1 N HC1 

1.3 

42.2 

0.1 N CChCOOH 

1.3 

39.7 

0.1 N IIjSO* 

1.18 

40.2 

0.1 iV acetic acid 

2.9 

48.9 

0.1 iV HCl + NaCl 

1.1 

62.7 

0.1AT HsSOi+NaOl 

0.9 

63.9 

O.IW H 2 S0 4 +Na*S0 4 

1,6 

68.2 

0.1W NaOH 

13.0 

45.8 

0.1 AT NaOH -t- Nad 

13.0 

37.8 

N HCH Nad 

0.4 

63.1 

2AT Hd-fNad 

0.35 

65.3 

2 N Cuds 

— 

45.2 

2 N Znds 

— 

49.7 


duced being more or less dependent upon the equilibrium pH value obtained. 
Similar effects are noted for alkalies. 

The foregoing pages have stressed the effects of mono- and divalent salts 
upon the so-called salt bridges and hydrogen links in the structural make-up 
of collagen. It was pointed out that the swelling in the isoelectric zone is 
in the main responsible for the drastic effects of calcium and magnesium 
chlorides. That this swelling exists is plainly shown by the work of Jordan- 
Lloyd, 17 Braybrooks, 4 and Northrop and Kunitz. 18 These last workers 
showed rather conclusively that dilute solutions of sodium and potassium 
chloride increase swelling, but that at concentrations greater than 1.8iV 
dehydration begins; that calcium and magnesium chlorides increase swelling 
more and more as concentration of salt increases until complete solution takes 
place; and that aluminum chloride causes swelling in dilute solution, but 
dehydration in more concentrated solutions. The work of Northrop and 
Kunitz well supports our rather dogmatic conception of dilute neutral salts 
affecting the salt linkage, while concentrated divalent salts decrease the 
cohesion forces due to the hydrogen bonds. Figure 34, taken from the work 
of Northrop and Kunitz, 18 shows almost identical correlation between swelling 
arid our measure of cohesion forces. Their swelling curves for calcium and 
magnesium chlorides in reality indicate in a different manner the actual 
breakdown in structure; but for sodium chloride the hydration and dehydra¬ 
tion portions of the swelling curve indicate the postulated two effects of dilute 
and concentrated solutions upon the structural stability of collagen. The 
correlation between the swelling curves, osmotic-pressure development and 
the shrinkage-temperature measurements is, from the authors’ viewpoint, 
remarkable and of extreme practical significance. 
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0 12 3 4 5 6 


SALT NORMALITY 

Figure 34. Effect of concentration of various salts upon swelling of gelatin. 
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So far in this chapter, the authors have dealt only with the relation of 
shrinkage temperature to the structural forces inherent in native collagen. 
This relation is of very definite importance in liming, pickling and tanning. 
Though the shrinkage temperature measurement of leathers will be treated 
in detail under specific headings later in this treatise, some mention of its possi¬ 
bilities are herein included for clarity. 

It is appreciated that many good commercial leathers are unable to stand 
the boiling test, but it is found that the properties of many leathers are 
changed by carrying on the tanning operations so as to increase the tem¬ 
perature at which they shrink when immersed in hot water. This illustrates 
the importance of measuring the “shrinkage temperature” of leather. For 
example, in chrome tanning it is often found that fixing more chrome in th$ 
leather by additional neutralization raises the shrinkage temperature. Tan¬ 
ners of shoe-upper leathers find it desirable to control the shrinkage tempera¬ 
ture of leather during tanning to obtain the properties best for the purposes for 
which the leather is to be used. In many cases it is found that the best 
shrinkage temperature is at a point slightly below the boiling point of water. 

Gradually it has been learned that the shrinkage temperature of vegeta¬ 
ble-tanned leather is as important as that of chrome-tanned leather. It is 
found that the shrinkage temperature of leather is a more reliable guide to 
the extent to which true tanning has taken place than is the measurement of 
“combined” tanning material. 

Measurement of the Shrinkage Temperature of Leather 

In 1941 a method 11 was proposed for measuring the shrinkage tempera¬ 
ture of leather, and it is given below as published: 

Definition: When leather is gradually heated in an aqueous medium, a 
temperature will be found at which noticeable shrinkage occurs. This is 
defined as the shrinkage temperature. 

Scope: The method is designed to measure the shrinkage temperature 
of all leathers at any point in the tanning process. 

Each sample shall be 0.5 inch wide by 3 inches long. The full thickness 
of the leather is used. No conditioning is necessary. 

Apparatus: A l -liter beaker containing 75 per cent glycerin in water 
(sp. gr. 1.190), two clamps for holding the sample, a stirrer, a thermometer 
and a heating device. The clamps arc' mounted vertically, 2.5 inches apart 
with the stationary one at the bottom. To the upper or movable clamp is 
attached an indicating device which will maintain the sample under slight 
tension, which will indicate any preliminary swelling in the sample and which 
will accurately detect the point at which shrinkage begins. This shall 
magnify the movement of the leather by at least 25 times. 
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Procedure: Place the sample to be tested in the clamps, completely 
immerse in the glycerin solution at room temperature, and heat the solution, 
with stirring, at the rate of 3 to 5° C per minute. As the temperature rises, 
swelling of the sample occurs and the indicator may be adjusted to a reference 
or zero point so that eventual shrinkage can be readily detected. 



Figure 35. Tlieis Apparatus for 
the Measuiement of the 
Shrinkage Temperature of 
Raw Skin and Collagen 


In addition to the weight necessary to counterbalance the weight of the 
clamp or to overcome the inertia or friction of the indicating devices, it will 
be found advisable to add an additional weight of from 80 to 100 grams. 
The smaller weight will suffice for lightly vegetable-tanned leather such as 
sheep skin, and the larger weight is advisable for heavy leather such as chrome- 
tanned side leather. In no case should a weight be used which will cause an 
elongation, prior to shrinkage, of more than 10 per cent. 
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Report; Record the temperature of the bath in degrees centigrade at 
which the sample begins to shrink after the preliminary swelling. 

When the great importance of measuring the shrinkage temperature of 
leather became recognized, it was natural that precision equipment should be 
developed for making this measurement. Some tanners merely place a 
strip of leather of known area into a beaker of water and raise the temperature 
slowly, noting with each degree rise in temperature whether the area of the 
leather strip has decreased. The lowest temperature at winch measurable 
shrinkage is noted is taken as the shrinkage temperature. 

Theis 25 lias developed an apparatus for making this measurement which 
is not only simpler to operate but is also capable of much greater precision. 
This apparatus is illustrated in Figure 35. The strip of leather is clamped 
into place between the jaws provided, and then the water or glycerin solution 
is placed on the movable plat-form so that the leather strip is completely 
immersed. An automatic stirrer is provided to keep the solution thoroughly 
agitated. By means of a heating device, the solution is heated very slowly 
and a thermometer is provided to show the temperature at all times. At the 
shrinkage 4 temperature of the leather, it begins to contract and the extent of 
shrinkage is measured by the number to the right of the hand on the dial. 
In this way measurements of shrinkage temperature ean be made within less 
than 1° (A Glycerin solutions may be used instead of pure water when 
measurements at temperatures below 0° C and above 100° C are desired. 
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Chapter 6 
Microorganisms 

The control of microorganisms constitutes a major problem in tanning. 
This problem will be considered in detail when we discuss tannery processes 
in which microorganisms are involved. We deal in this chapter with the 
more general description of microorganisms and with their behavior. 

There are four general divisions of plant life: Spermalo phyla (seed plants), 
Bryophyta (moss plants), Pteridophyla (fern plants), and Thallophyta. The 
last division Is one of simple plants which is never differentiated into roots, 
stems, or leaves. It includes bacteria, yeasts, and molds and is therefore the 
division which is important to our subject. The Thallophyta may be divided 
into three groups: the Schizophyta : (chlorophyll-containing algae); Schizomy- 
cetes (bacteria, or unicellular plants, containing no chlorophyll and multiplying 
by cell fission only); and Fungi (unicellular or multicellular plants, containing 
no chlorophyll, multiplying by means other than fission, and including yeasts 
and molds). 

Bacteria 

The most important microorganisms in tanning are bacteria. These are 
usually classified, on a morphological basis, into three general groups: a 
coccus is a spherical cell, a bacillus a straight rod, and a spirrillum a bent rod. 
As is well known, bacteria are very small, ranging from 0.5 to 10.0 microns 
in length. They multiply by a process teimed fission; that is, the bacterial 
cell grows until it has practically doubled in size, and it then separates into 
two individual cells. These cells may or may not become detached from each 
other; sometimes they cling together and form characteristic groups. When, 
for example, the cocci divide and form long chains, they are termed streptococci; 
when irregular clusters form, they are called staphylococci; and when they 
unite in pairs, they are designated as diplococci. 

Some bacteria possess thread-like organs of locomotion known as flagella. 
Bacteria multiply with great rapidity under conditions favorable' to their 
growth. This subject, will be dealt with later. 

Certain bacteria have the power of producing spores during their growth, 
and these spores are usually much more resistant to destructive forces, such 
as heat, than are the parent cells. The spore form appears to be a method 
of protection against unfavorable environment, 
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The two most important general groups of bacteria in tanning are termed 
“proteolytic” and “non-proteolytic.” As these terms imply, the first group 
digests protein, while the second does not, or at least to a very slight extent. 
Food necessary for bacterial growth must diffuse into the bacterium through 
its cell wall. Insoluble protein obviously cannot diffuse through the cell 
wall, but the proteolytic bacteria secrete enzymes which attack the protein, 
rendering it diffusible. Thus when we speak of bacterial digestion of protein, 
for example, we mean that the protein is digested by bacterial enzymes. 

Bacterial growth and activity are governed by numerous factors, such as 
available moisture, reaction of environment, kind of food available, tempera¬ 
ture, and gaseous environment. And these factors are usually interdependent, 
as will be seen as we proceed. 

Methods for bacterial identification and for making bacterial counts are 
given in standard bacteriological textbooks. The latter subject has been 
especially discussed in its relation to tanning studies by Wilson. 3 

Yeasts 

Yeasts are single ceil organisms; their cells are usually larger than those of 
bacteria, and they reproduce themselves by a process of budding, except in 
the case of the genus Schizosaccharomyces which reproduces by fission. Yeasts 
are of theoretical interest in tanning because of their well known power of 
fermenting sugars. A felt-like covering is sometimes observed on old tan 
liquors, and this is said to be a veast, Saccharomycctes mycoder >ua. 

Molds 

Molds differ from bacteria and yeasts in that they are multicellular and 
that their method of reproduction is more complicated. They consist of 
two kinds of cells, the assimilative and the productive. As a mold grows it 
forms a mass of branching threads which has the appearance of a cobweb. 
There are tiny projections along these threads from which the spores develop. 
The main mass of threads is termed the mycelium , and an individual thread 
is called a hypha . 

There is an infinite numbei of species of molds, but the common molds 
have been divided into five general families: (1) Mucoraccae , (2) Mncedinaceae, 
f3) Dcmatinceae , (4) Stilbaceac , and (5) 7 1 ubcrculariaceac. 

Both the morphology and physiology of molds have been discussed at 
length by Doelger and McLaughlin, 2 and by Wilson 3 in the second edition of 
this monograph, to which the interested reader is referred. But it may be 
stated that the majority of molds with which the tanner is concerned belong 
to two groups: the Pmicillia and the Asperyilli , both of which are included 
in the Mucedinaceae family. 

Molds are frequently present in vegetable tan liquors and may cause 
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destruction of tannin. It will be noted in Chapter 17 that the early observa¬ 
tion of the botanist Van Tieghem of the production of gallic acid when tannic 
acid is acted upon by Aspergillus nigcr constitutes one of the foundations of 
our knowledge of the organic chemistry of the tannins. An acid environment 
is most favorable to mold growth, and an alkaline environment is unfavor¬ 
able, It is therefore not surprising to find mold ^growing on pickled skins, 
from which Blank 1 has isolated mold growing at a pH value below 1.0. Wet 
chrome leather may become moldy during any of the stages following tanning 
and develop “mold spots” which cannot be removed, and which appear in 
the finished leather as discolored areas. Moreover, mold is often present in 
the rooms or lofts in which heavy vegetable leather is dried, and this infects 
the leather. 

The prevention of mold growth is a constant problem to the tanner, since 
the atmosphere is usually heavily laden w r ith mold spores. The only success¬ 
ful preventive measure, in addition to cleanliness of rooms and equipment, 
is the employment of the proper kind and amount of fungicide. There are 
many satisfactory fungicides on the market. 
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Chapter 7 
Curing 

Animal skin is covered with countless bacteria, the amount and kind 
varying with the environment of the animal and with the quantity and nature 
of filth on the skin. During life these bacteria have little or no effect upon 
the skin of the animal. But as soon as the animal is slaughtered and life 
processes cease, the proteolytic bacteria may and do quickly attack the skin. 
The value of the skin to the packer, to the tanner, and to the public is^in direct 
relation to the extent of its digestion by bacteria and, to a less extent, to 
degenerative changes other than bacterial. To arrest these degenerative 
processes, the producer of the skin “cures” it. That is, he partially 
dehydrates the skin by treatment with salt, such as sodium chloride, or 
by drying it in the air, or by a combination of the two methods. Bacteria 
require free water for their metabolism. One hundred pounds of fresh steer 
hide contains some 62 pounds of water, part of which is free and part chemi¬ 
cally combined with the skin proteins. The dehydration methods referred 
to reduce or eliminate the available or free water. 

Great care is taken in the bet ter packing houses to cure and preserve the 
skin properly, since it represents a very considerable proportion of the total 
selling value of the processed animal. We will therefore briefly describe the 
practice of such packers, which may be termed the American standard. 

In the case of steers, bulls, or cows, the animal is stunned by a blow' on 
the forehead with a sledge hammer. It is then hoisted to a vertical position 
head down, by means of a chain which is attached to one or both hind legs. 
After this, the jugular vein is severed w r ith a sharp knife, and the animal is 
bled. The hide is then flayed from the carcass and is immediately dropped 
down a chute to the curing cellar floor. The temperature of the curing cellar 
is about 13° C. The w r arm hide lays for about two hours in order that its body 
heat may escape, since putting a w r arm hide into the curing pack would en¬ 
courage the vciy bacterial action which is to be arrested. The packer is 
very careful, however, not to delay curing after the hide has cooled, since 
bacterial action may actually start before the hide is completely cooled. 
The cooled hide is then spread out, flesh up, on a layer of clean rock salt and 
is covered with salt. Another hide (flesh up) is laid on top of the first hide 
and is salted, and this process is continued until a “pack” has been com¬ 
pleted. The size and shape of the pack may vary, but the general rule is 
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that its length shall bo about twice its width, or, say, 20 by 40 feet in area 
and 4 feet high. The pack is arranged so there will be proper drainage of 
the excess of the salt brine which is formed and of the brine-dissolved blood, 
lymph, and other soluble proteins. This method of (Hiring requires a mini¬ 
mum of three or four weeks in pack, at which time the original fresh hide 
will have lost part of its moisture and will have gained weight through the 
salt it has absorbed. The algebraic sum of these two values shows that 100 
pounds of original fresh hide weighs about 80 pounds in the salted or cured 
condition; this weight loss is termed the “shrink.” 

A better curing method for heavy hides is generally practiced in the 
Frigoriflco establishments of Argentina and is as follows: The animal is 
thoroughly washed before slaughter to remove the' bulk of surface filth. 
The flayed hide is again washed, both flesh and hair sides, and the flesh side 
is vigorously swept with a broom. The washed hide is drained and is then 
placed it! a cool saturated sodium chloride brine for 21 to 18 hours, with 
occasional stirring. The hide is then removed from the brine, drained, and 
salted down in packs as described above. This method will be discussed 
at length later on in this chapter. 

Calves are not stunned, but are shackled by a hind leg and hoisted to a 
vertical position; the jugular vein and other neck blood vessels are then 
severed, and the animal is thoroughly bled. This operation requires about 
six minutes. After this, the carcass is thoroughly wasiied, and is then 
placed in a cooler at 1° to 2° C for 24 hours before flaying. The flayed skin 
is then salted down in packs for about 30 days. 

Many imported hides and skins are not salt-cured, but merely air-dried 
in those countries where salt is not available or where drying is preferred. 
Such hides are termed flint , or flint-dried. This stock may contain as little as 
8 per cent moisture. When heavy hides are dried, a considerable amount, of 
decomposition may occur; if they arc 4 dried too slowly, bacterial action ensues, 
and if too rapidly the surfaces are dehydrated; but the interior is still wet and 
is therefore liable to putrefaction. Dried heavy hides often show bacterial 
damage which is usually not. apparent until they have been partially processed 
in the tannery. The soaking of such hides presents a special problem to the 
tanner winch will be discussed in Chapter 8. 

Probably 99 per cent of all the goat and kid skins used in the United States 
are imported, mainly from Asia, Africa, and South America. The great 
bulk of these skins are in the dry state, some having been cured by simple 
drying and others by salting prior to drying, in which case they are termed 
dry-salted. In many countries which produce dry-salted skins sodium chloride 
is not available, and the curing salt is composed mainly of sodium sulfate. 
Compared with sodium chloride, the sulfate is a very unsatisfactory curing 
agent, as McLaughlin and Theis 7 have shown. 
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Sheep skins are usually de-wooled in domestic packing plants immediately 
after slaughtering and flaying, and the curing proceas is thus obviated, the 
de-wooled skin being pickled with acid and salt before shipment to the tannery. 
A small proportion of the sheep skins produced is not dc-wooled and is cured 
with sodium chloride, in much the same manner as in the case of cattle hides 
and calf skins. Most of the sheep skins which are imported are in the pickled 
state. 

Principles op Curing 

This subject is of great importance because any deterioration of a skin 
before or during curing is of irreversible nature; poorly cured skin will not 
produce the highest quality leather, regardless of the tanner’s care or skill. 
Of equal importance is the fact that lack of uniformity in curing makes it 
doubly difficult to maintain uniformity of tannery processes and of the 
finished leather. And, cm the other hand, no adequate understanding of 
tanning processes is possible without knowledge of curing. 

Prior to 1921 no systematic investigation of the mechanism of curing had 
been made 1 . In view of this, curing was the first problem studied by the 
Cincinnati Laboratory. 8,9 These investigations necessarily included both 
chemical and bacteriological studies. It was quickly realized that in view of 
the 4 variable nature* of the material being studied, and of the many factors 
involved, a great number of observations would have to be made if dependable 
average results were to be* obtained. Prior to the publication of the principles 
evolved, it was possible to prove them by large scale tests. This w r as made 
possible through the cordial cooperation of a number of packers. Thus a 
large number of heavy hides were used in large* scale curing experimentation, 
and accurate records were kept of the finished leather results. 

Bacteriology of Curing 

As has been noted, animal skin is covered with bacteria. Since the 
isolation and identification of all these many bacteria would have been an 
endless and probably useless task, McLaughlin and Rockwell 8 decided to 
study only enough of them to establish their great variety. Consequently, 
thirty separate heavy steer hides, free of manure, w r ore sampled as they 
dropped from the carcass. Part of each sample was soaked in sterile distilled 
water and another pari, in sterile nutrient broth media, And all specimens 
were incubated at temperatures ranging from 12 to 56° C until putrefaction 
occurred. The resulting growths were then examined, both microscopically 
and culturally, and their morphological and biological characteristics were 
determined. Microscopic examination revealed that a wide variety of 
microorganisms were present on fresh hide, including: cocci, staphylococci, 
streptococci, both gram positive and negative; bacilli, large and small; motile 
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and non-motile, both gram positive and negative; spirilla and spirochaeta, 
together with yeasts, oidia, molds, and protozoa. 

From the whole group of bacteria, twenty-four predominating strains were 
selected and studied in detail. These examinations included: size and shape, 
gram stain method reaction, spore formation, motility, nature of colony 
growth on agar and on potato, milk, and broth, nitrate production, indol 
production, digestion of gelatin, coagulated serum, coagulated egg, as well as 
digestion of the specially prepared hide fractions, collagen, mucoid, albumin 
and globulin, and elastin. Fermentation studies were made? with seventeen 
different sugars, together with temperature and respiration requirements. 
Growth in calcium hydroxide-containing media was determined, and none were 
found to grow in media containing lime equivalent to a saturated aqueous 
lime solution. This elaborate identification system was found to be necessary 
in order to be certain that definite and distinct strains were being studied. 

As a result of the examinations noted above, a great variety of form and 
characteristics of skin bacteria was found. Some were able to digest protein 
and some could not; all strains were either aerobic or facultative, and they 
varied in their ability to ferment carbohydrates. It was therefore, decided 
to designate the bacterial phenomena to be studied as resulting from the action 
of two general groups of bacteria: the proteolytic and the non-proteolytic. 
The growth of proteolytic* bacteria is encouraged by available protein sub¬ 
stances, the non-proteolytic by carbohydrates. We, shall now discuss the 
most important factors in the digestion of skin by bacteria. 

Effect of Type of Bacteria upon Corium 

As we have seen in Chapter 2, the derma or corium is the leather-forming 
material of skin. This being true, it is important to establish the action of 
bacteria upon the corium. Heavy hide corium was obtained by mechanically 
splitting off the thermostat layer and flesh of a steer hide. Not more than 
one hour elapsed between the death of the animal and the 1 inoculation of its 
corium, as about to be described. The corium employed was not sterilized, 
but it was clean, in the sense that it contained no surface blood, filth, or fat. 
The bacteria used for inoculation were isolated from a broth solution in which 
fresh whole hide had been allowed to decompose. 

Three 25-gram specimens of the corium prepared as above were treated 
as follows: 

One specimen w r as smeared on both sides with a mixture of proteolytic 
bacteria, the second specimen with non-proteolytic bacteria, and the third 
specimen was not inoculated. The three specimens were immediately placed 
in separate containers with 250 ml sterile distilled water and were incubated 
for 72 hours at 20° C. At the end of this period the specimens were removed, 
weighed, and examined. The control showed slight decomposition and had 
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gained 1.4 per cent in weight; that inoculated with proteolytic bacteria showed 
much depletion and decomposition and had lost 0.1 per cent in weight, while 
the non-proteolytie inoculated specimen showed no decomposition and had 
gained 4.4 per cent in weight. At the end of the water soak described, each 
specimen was placed for 24 hours in a saturated calcium hydroxide solution 
at 20° C to determine what effect, if any, the bacterial treatment had had upon 
the ability of the corium to swell in alkaline solution. At the end of the lime 
treatment the specimens were again carefully weighed, and their weight rela¬ 
tion to the original uninoculated weight was calculated and showed: control, 
5.9 per cent gain; proteolytic, 3.3 per cent loss; and the non-proteolytic, 10.9 
per cent gain. 

The experiments described above were performed with unsterilized corium. 
They were repeated with corium which was sterilized by means of hydrogen 
peroxide prior to inoculation. At the end of the combined water soaking 
and liming treatment, the control had gained 3.8 per cent in weight, the 
proteolytic had lost 12.4 per cent, and tlu' non-proteolytic had gained 12.5 
per cent. 

These experiments indicate that the skin corium is very sensitive to 
proteolytic bacterial action. 

Effect of Bacterial Food 

Four 20-gram clean (unsterilized and uninoculated) fresh corium specimens 
were treated as follows: 

One specimen was placed in sterile distilled water; a few drops of whole 
beef blood were smeared on both sides of the second specimen, and it was 
then placed in water; the third specimen was placed directly into a three 
per cent dextrose solution; and the fourth specimen was smeared on both sides 
with blood and then placed in a three per cent dextrose solution. At the end 
of 48 hours incubation at 20° ( 1 all specimens were removed and placed for 
21 hours in a saturated calcium hydroxide solution, after which they were 
removed, then weighed and examined. The first, or control, specimen showed 
12.2 per cent weight gain; the second, l 7 per cent loss; the third, 13.4 per cent 
gain; and the fourth, 19.1 per cent gain. Part, of the weight gain noted with 
dextrose is no doubt due to the swelling effect of its fermentation products. 

Effect of Temperature 

The growth and activity of skin bacteria are greatly affected by tem¬ 
perature, as would be expected. This subject will be dealt with in detail in 
connection with the effect, of salt in curing. 

Effect of Gaseous Environment 

As noted above, all the isolated skin bacteria which were found to be 
proteolytic were either aerobic or facultative, that is, they won' able to grow r 
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under both aerobic and anaerobic conditions. But their ability to digest 
protein is greatly inhibited under strictly anaerobic environment. This was 
determined by inoculating tubes of coagulated blood serum with typical skin 
bacteria and then incubating the tubes for 24 hours at 37° C under varying 
gaseous environment; the results were as follows: 

There was great digestion under ordinary aerobic conditions or when 
oxygen was introduced and very slight digestion when the environment was 
made anaerobic. These experiments were extended whereby pieces of un¬ 
cleaned fresh whole hide were placed in distilled water and incubated for 24 
hours at 25° C under various conditions, and at the end of the soaking period 
the various soak waters were examined for proteolytic bacterial growth. 
Where plain water was employed, a fair amount of growth resulted; when 
oxygen was bubbled through the water, there was large growth; when carbon 
dioxide was bubbled through the water, a small growth resulted; when the 
water contained three per cent dextrose and carbon dioxide was bubbled 
through, there was no growth; but if the carbon dioxide was replaced by 
oxygen, a fair amount of growth occurred. 

Reaction of Environment 

It is well known that the behavior of enzymes is greatly influenced by 
the reaction of their environment. The growth of skin bacteria and their 
proteolytic power are also greatly influenced by environmental reaction. A 
piece of fresh whole steer hide, 2.5 X 4.0 inches, was placed in 300 ml distilled 
water which was maintained at a pH value of 8.0 by additions of calcium 
hydroxide and was incubated for 72 hours at 25° C. A duplicate specimen 
was maintained at pH 5.0 by means of acetic acid. At the end of the incuba¬ 
tion period the hide soaked in the alkaline solution was greatly decomposed, 
and the solution contained many proteolytic bacteria. The specimen soaked 
in the acidic solution showed no decomposition, and its solution contained 
only a very few proteolytic bacteria but many non-proteolytic. 

Having thus noted the general characteristics of skin bacteria, we will 
now consider their control—in other words, the effect of each important 
factor upon the antiseptic value of sodium chloride, as determined by 
McLaughlin and Rockwell. 8 These factors include: concentration of sodium 
chloride; presence of nutritive substances such as blood, dissolved skin protein, 
or manure in the curing brine; the effect of temperature; and the reaction of 
the brine and effect of the respiratory conditions. 

When in the following experiments a mixed culture of bacteria is stated, 
this refers to the growth of mixed bacteria which resulted from inoculation 
of broth with fresh hide for 48 hours at 20° O. In estimating the number 
of bacteria, the dilution plate method was employed. This does not, of course, 
take into account the obligatory anaerobes but this is not important for, 
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as pointed out above, the great majority of skin bacteria are aerobic or 
facultative. However, in order to eliminate any large source of error, the 
estimations were controlled by examination of stained and fresh preparations 
from each experiment. All sodium chloride or blood percentages given are 
the final concentrations in the solution based upon volume. 

Antiseptic Value of Sodium Chloride 

Table 29 illustrates both the antiseptic power of sodium chloride toward 
skin bacteria and the modifying of this power by the addition of blood serum. 
One part by weight of whole fresh steer hide was incubated for 72 hours at. 
20° C in five parts of broth to which had been added the, percentages of 
sodium chloride shown. Growth and lack of bacterial growth are indicated 
by plus and minus signs respectively. 


Table 29. 


2 

6 

10 

-_ <y 0 NaCl 

12 14 16 

IS 22 
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No Blood Serum Added 

4 

4 

f 

4 

4 

4 

— 
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4 

- 

30% Blood Serum Added 

4 

4 

4 

4- 

+ 

4 

+ 

4 

- 


We note that whereas growth was restrained by 18 per cent of salt, 22 
per cent was required in the presence of five per cent of blood serum. The 
effect of whole beef blood on the antiseptic power of sodium chlonde Ls shown 
in Tabic 30, where one part fresh whole steer hide was placed in four parts 
sodium chloride solution of the concentrations shown and incubated for 24 
hours at 22° 0. The figures shown are the number of bacteria present in 
1.0 ml of brine. 

'Fable 30. 


Per Out 

NaCl 

In Brine 

No Blood 

10 Per Cent 
Blood 

In Bnne 

5 

07,000,000 

424,000,000 

10 

34,000,000 

47,000,000 

15 

1,480,000 

18,040,000 

20 

1,010,000 

18,840,000 

25 

1,170,000 

15,520,000 

30 

030,000 

2,380,000 


Analysis of the brine running from packs of steer hides during curing in 
packing houses showed the brine to contain 40 per cent of blood at the end 
of the first hour of curing and eight per cent at the end of four weeks. 

Effect of Temperature 

Fresh steer hide was placed in broth to which sodium chloride had been 
added and was incubated at 20° C for nine days. The results are given in 
Table 31, where the numbers shown are the bacteria per 1.0 ml. 
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Temperature 

(°C) 

37 

20 

10 

5 


Table 31. 

4 Per Cent 
NuCI Bioth 

1,100,000,000 

879,000,000 

218,000,000 

10,820,000 


10 Per Cent 
NfiCi Broth 

47,000,000 

4,520,000 

2,470,000 

51,100 


Rate of Bacterial Growth 

The rate of bacterial growth is determined, among other factors, by tem¬ 
perature and available food. This is shown in Table 32, where the growth 
of a mixed culture from fresh steer hide is expressed as number of bacteria 


•• 


Table 32. 


IIouiw of 

Broth at 

Bioth at 

10 Pm Cent NhCI 

Incubation 

37° C 

20° C 

Broth at 20° C 

0 

10,100 

11,800 

30,600 

1 

10,900 

13,300 

11,200 

2 

28,600 

17,700 

11,500 

3 

300,000 

25,600 

11,300 

5 

9,490,000 

71,000 

10,800 

24 

206,000,000 

356,000,000 

60,100 


In considering this table in connection with the curing process, it will be 
recalled that salting is not begun until some; two hours after the death of the 
animal, and also that the surfaces of the hide contain much blood and other 
organic filth. 


Effect of Reaction 


Table 33 shows the effect on the growth of a mixed culture of hide bacteria 
in broth when the pH value of the broth is varied by the addition of hydro¬ 
chloric acid. Growth or lack of growth is indicated by a plus or minus sign 
respectively. 

Table 33. 


pH Value of Plain Broth 

6.69 

6.26 

5.00 

4.71 

Growth 

4 

4- 

+ 

+ 

pH Value of Broth 4 - 10% NaGl 

6 70 

6.20 

5.00 

4 30 

Growth 

4- 

4- 

- 

- 


4.48 


Table 33 shows that whereas the bacteria grew in plain broth at a pH 
value of 4. 74, growth ceased at pH 5.00 in the presence of 10 per cent sodium 
chloride. 

Having considered the important bacteriological factors in curing, we shall 
now turn to the more strictly chemical aspects, although it must be kept in 
mind that the chemical and bacterial phenomena are closely interrelated. 

Chemistry of Curing 

In approaching the chemical phases of curing, McLaughlin and Theis 0 
considered that the important problem must be to impregnate the hide or skin 
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with salt as rapidly as possible after the body heat had escaped from the 
flayed hide. 

When a hide or skin is “salted,” it is simply covered with salt on both 
surfaces, as described above. When it is “brined,” as in the case of Argentina 
Frigorificos, it is placed directly, after washing, into a saturated salt solution. 
The curing salt must be dissolved in water before it can penetrate the hide. 
This means, therefore, that in the ease of salting, the curing process will not 
commence until the salt, crystals have extracted water from the hide and 
have; thus formed a brine. In the brining process, however, all of the bacteria 
present on the hide are immediately subjected to the antiseptic action of the 
preformed salt solution. With these thoughts in mind, McLaughlin and 
Theis performed the following experiments. 

Water Content of Fresh Hide. Heavy, short hair steer hide was found to 
contain an average of 01.00 per cent water. The water present in the hide 
was not uniformly contained throughout its thickness: the upper 20 per 
cent, of the hide excluding the hair - in other words, the thermostat layer— 
contains 74.35 per cent water, the middle 50 per cent of the hide 01 percent, 
and the lower 30 per cent (including the flesh) 54.10 per cent. 

Movement of Salt into Hide. When a hide is salted immediately after 
flaying, the salt is found to have diffused into the hide during the early hours 
of curing mainly from the flesh side; comparatively little having diffused 
through the hair or grain surface, as shown in Tabic' 3 4, where the Nad 
percentages shown are based upon the weight of the fresh hide, with the weight 
of the hair excluded. 

'Table 34. 


<-.— —---Per Cent NitOI A ham hod- 


1 Hour 

H Hours 

24 IIouih 

1 Horn 

4$ IIouih 

24 Hours 

1 Horn 

4$ Hours 

24 Hours 

Salting 

Salting 

.Suiting 

Salting 

Salting 

Suiting 

Salting 

Salting 

Suiting 

Han 

Han 

Hair 

Flosh 

Flonh 

Flesh 

Both 

Both 

Both 

Side 

Si do 

Si do 

Sido 

Side 

Side 

Sides 

Hides 

Sides 

0.00 

0 00 

0 23 

1.20 

2 97 

5.70 

1.05 

2.86 

5.45 


Factors which Prevent Rapid Movement of Salt into Hide. A number of 
conditions retard the diffusion of salt into the hide. One of these is the lapse 
of time between flaying and salting. Tins is shown in Table 35, where the 
hide was salted on both sides after varying periods of delay, and the amount 
of absorbed salt was determined at the end of one hour of salting or of brining 
in a 25 per cent Nad solution. 

Table 35. 

^- -]V r Cent Nad Abnorbod After Delay m Salt mg of--* 

None 1 Horn 2 Hours 4£ Hours 0 Hours 

Salting 1.65 1.14 1 04 0.39 0.42 

H rining 2.54 196 1.79 — 1.19 

The striking results shown in Table 35 obtained whether the hide speci¬ 
mens were or were not exposed to the atmosphere during the periods of delay, 
showing that the decreased salt absorption was not due to surface evaporation. 
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Table 35 shows that the bulk of the salt which a hide absorbs during the 
early hours of curing enters through the flesh side. When the hide is flayed, 
its flesh side is invariably covered with blood. This blood delays salt diffusion 
into the hide, as the following experiments show ; 

Fresh hide was divided into (wo specimens which were salted on both sides 
as in regular practice, but one of the specimens was freed of the blood on the 
flesh side before salting. The two specimens were then salted for varying 
time periods, and salt absorption was determined; the results are shown in 
Table 36. 

Table 30. 


Tuue of 
Suiting 

1 hour 
4J hours 
24 hours 


' - P<'r Out NhOI Absorbed — 

With Blood Blood Removed 


1 05 1.82 

2.21 2.79 

6.36 0.51 


We note a very much greater salt absorption during the early, and most 
important, hours of curing in the absence of blood. At the end of the 24-hour 
period the salt absorption is about equal. This is not true, however, when, 
in addition to the effect of flesh side blood, delayed salting treatment occurs 
as well, as shown in Table 37. 

Table 37. 

—-p er (>nt NftCl AbKoi bod— - 

Hours Delayed Time of Salting With Blood Blood Removed 

4* 1 hour 0.26 1.34 

41 24 hours 4.11 6.92 

Tables 36 and 37 show also that even in the absence of blood, delaying the 
salting treatment for 4| hours results in a decreased salt absorption during the 
first hour of salting. 

In view of the apparently great importance of blood in curing, McLaughlin 
and Theis collected samples of the brine running from hide packs, and 
determined their blood content, with the results shown in Table 38. 

Table 38. 

Salting Period Per Cent Blood m Brine 


1st hour 42.6 

3rd hour 21.4 

4th hour 17.7 

5th hour 14.2 

1 day 9.7 

4 weeks 8.0 


In order to determine further the effect of blood, two additional experi¬ 
ments were run. Two specimens of fresh hide were placed in saturated 
sodium chloride solutions, one of which contained 20 per cent of its weight 
of whole fresh beef blood. At the end of two hours of such brining treatment 
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the specimens were removed and analyzed for absorbed salt, with the results 
shown in Table 39. 

Table 39. 

Temperature of Brine •-Per Cent NaCI Absorbed-- 

(°C) No Blood 20 Per Cent Blood 

11 2.24 1.89 

24 3.65 3.07 

37 3.43 2.47 

The other experiment was designed to simulate the action of hide blood 
in preventing salt diffusion. Paper extraction thimbles were immersed in 
fresh whole beef blood, the excess blood was poured away, and the thimbles 
were drained. The thimbles were allowed to stand for varying time periods, 
and the rate of salt diffusion through them was then measured as follows: 
The thimble was suspended in a beaker of distilled water, and 25 per cent 
sodium chloride solution was poured into the suspended thimble. At the end 
of one hour the amount of sail/ which had diffused through the coagulated 
blood membrane into the outside water was determined. The amount of 
salt which diffused through the unagod blood membrane control is taken as 
100. The salt diffusion values when delayed treatments were employed are 
calculated in their relation to the control. The ratios of diffusion are given 
in Table 40. 

Table 40. 


Treatment Katio of Disunion 

Immediate 100 

$ hour’s standing before treatment 100 

1 hour’s standing before treatment 75 

2 hours’ standing before treatment 74 

3 hours' standing before treatment 42 

4 hours’ standing before treatment 40 

24 hours’ standing before treatment 85 


In view of the data given in this section and of general practical experience, 
there can be no doubt of the great effect of blood in curing. 

Since the bulk of the salt taken up by the hide in the early hours of curing 
enters through its flesh side, the removal of adhering flesh and fat before 
salting is of great importance. Stuart, and Frey 16 have shown that when 
adipose tissue is not removed, the entry of salt into the hide is greatly impeded. 

Post Mortem Effects upon Swelling and upon Volatile Nitrogen Formation 

In 1921, McLaughlin 10 showed that if fresh steer hide was allowed to lie 
in air at 21° C for varying time periods—without any curing treatment—the 
capacity of its corium to swell in saturated calcium hydroxide solution (con¬ 
taining excess undissolved lime) changed as a function of post mortem time. 
This was determined by mechanically removing the thermostat layer and 
flesh and weighing and placing the resulting corium specimens in the lime 
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solution for 120 hours, and again weighing them at. the end of this time. 
The results are shown in Table 41, where the swelling capacity of the corium 
when placed in the lime solution within one-half hour after flaying is taken as 
100, and the other values arc* related thereto. 


Hour? of 
post mortem 

0.5 

1.5 

2.5 

3.5 

4.5 


Table 41. 


Swelling when 
ronum wan exposed 
to atmosphere 
during post mortem 

too 

86 

76 

77 
SO 


Swelling when 
corium was kept 
in closed jars 
during post mortem 

100 

88 

88 

82 

83 


Swelling when 
whole bide was exposed 
to atmosphere 
during post mortem 
and conuuj obtained 
as needed 

100 

92 

78 

73 

76 


The reasons for the decreased swelling capacity of the corium as noted in 
the table are not entirely clear. But long experience has taught the packer 
that post- mortem effects on the value of the hide are very great, and that- 
salting must not be delayed after the* escape of body heat Then* are no 
quantitative data available which correlate the decreased swelling values, 
noted in Table 41, and leather results. Scattered experiments have born 
made of putting fresh, uncured hides directly into tannery soaks. The 
results with such fresh hides have usually been diappointing as to the weight, 
yields and plumpness of the resulting leather, compared with properly cured 
hides. But in such experiments plain water was used in soaking; and wo now 
know that such treatment was inadequate for the very necessary partial 
removal of coagulable proteins of the hide, which are soluble in the salt brine* 
of curing and in the resulting salt soak solution of the tannery. Stather 
and Sluyter 14 have experimented with small hide pieces cured by both salting 
and by brining after 5 and 24 hours post mortem at 18° (\ respectively, 
and found negligible differences in soaked, limed, and tanned weight gains. 
Their experiments did not include post mortem periods of less than five hours, 
so that no basis of comparison with the results of Table 41 is available. 
Packers have found, however, that, a post mortem period of 24 hours is very 
undesirable from the standpoint of hide quality. As rioted above, when 
unflayed calf carcasses are stored for 24 hours before flaying, the packer is 
careful to maintain a temperature not exceeding 1° to 2° C. 

In 1930, Theis 18 studied post mortem effects in uncured skin and con¬ 
cluded that the initial stage of decomposition is enzymatic in character, and 
that the advanced stage is a combination of the action of enzymes of both 
bacterial and noil-bacterial origin. He showed that only a negligible amount 
of ammonia was formed by skin decomposition during 24 hours post mortem 
at from 5° to 20° C. This finding has recently been confirmed by Koppen- 
hoefer and Somer, 6 who show in addition that the increase of free fatty acid 
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content of hide corium is negligible during the same period. Sorner 13 has 
suggested that the quality of curing may be determined by the amount of 
volatile nitrogen the hide contains. He gives interesting data of tannery 
leather yields plotted against volatile nitrogen content of the various hide 
lots, and the correlation between the two values is quite striking. 

Dehydration and Salt Absorption in Curing 

The rate of dehydration and* of salt absorption by fresh heavy hide was 
determined during the first 24 hours of curing by salting, and by brining in a 
25 per cent sodium chloride solution, at 20° 0. The results are given in 
Table 42. 

Table 42. 



,—-——— 

--Stilting- 

--„ 

r „__-— 

-Brmmg — 

~~— ~~--—.—, 

Hours 

Shrinkage 

Dehydration 

<%> 

NaCl 

Shrinkage 

Dehydration 

NaCl 

Treatment 

m 

Absorbed (%) 

(%) 

(%) 

Absorbed (%) 

l 

- 5.37 

- 6.91 

4 1 54 

- 5.76 

- 8.15 

+ 2.39 

a 

- 10.45 

-13.81 

+ 3.36 

- 9.63 

- 13.12 

+ 3.49 

4 

- 12.79 

- 16.68 

+ 3.89 

-10.90 

-15.06 

+ 4.16 

5 

16.45 

- 20.76 

+ 4.31 

-11.81 

-16.48 

+ 4.67 

24 

- 23.85 

- 30.51 

+ 6.66 

-13.45 

-21.21 

+ 7.76 


It will be noted that salt absorption during the important first 24 hours 
of curing is considerably greater in the case of brining. This is of significance, 
since it is the early hours of curing which are of importance in arresting bac¬ 
terial decomposition of the hide. It was found, however, that when the brined 
hide was removed from the brine solution, drained, and then salted down in 
pack for four weeks, as in practice, that the shrinkage and salt content of the 
hides were similar whether they were salted or first brined and then salted. 
In either curing method the salt absorption follows a very definite course as 
a function of time of curing, at least up to 50 hours. This absorption follows 

.T 

the general equation: Y ~ ^where Y - salt absorption, x - hours of 

curing treatment, and a and b are empirically calculated constants. 

Summarizing the various investigations described above, we have learned 
that animal skin is covered with many bacteria which may attack and decom¬ 
pose it. The extent of such decomposition is governed by a number of factors 
and by the character of the curing method employed. The results all sug¬ 
gested the desirability of treating the hide or skin with a saturated sodium 
chloride solution rather than by salting with dry salt. 

In addition to the better curing obtained by brining, McLaughlin and 
Theis pointed out that brining removes more of the eoagulable proteins in the 
skin than does salting. This has been confirmed by Slather and Herfeld, 15 
and more recently by Roddy. 12 

McLaughlin, Theis, and Rockwell realized the great variability of material 
such as animal skin, since many laboratory determinations of each phenome- 
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non were necessary in order to secure dependable average results. They 
realized, also, that isolated practical scale tannery experiments, entailing only 
a few hides or skins, were probably of but little value. Tn view of all this, 
they were enabled by several large packers to run conclusive tests of curing 
by regular salting versus curing by first washing the hide and then brining 
followed by salting. Some 2,000 heavy, short hair steer hides were involved 
in the first experiment. The hides were split down the backbone into sides 
as they reached the cellar floor, and right and left sides were alternated be¬ 
tween the two curing methods. Thus, 2,000 sides were salted in the regular 
manner, and a corresponding 2,000 were washed, brined, and salted. Accurate 
blood or green weights were taken, together with the cured or shipping weights, 
as well as the tannery received weights. The 4,000 sides were shipped to a 
representative sole leather tannery, and the two types of cure were processed 
at the same time. Accurate weights of the resulting leathers wore kept so 
that leather yields might be calculated both on “pure leather” weights and on 
finished sole leather. Pure leather weight refers to leather which was removed 
from the last layer, rinsed in water, and dried; such weight values eliminate 
yield variables due to subsequent finishing operations. Part of each cure 
was processed by a so-called “mellow” beam-house treatment, that is, long 
soak and mellow limes. The other part received a “sharp” treatment, 
involving shorter soak and sharper limes. The reason for giving the two 
different beam-house treatments was to demonstrate that the cleaner brined 
stock (from which surface blood and filth and much of its coagulable protein 
had been removed) required a shorter and sharper beam-house treatment. 
Previous experiments had shown that the beam house processes normally 
given regular salted stock tended to deplete the brined stock, which, as all 
tanners now know, responds to soaking and liming much more rapidly than 
does the regular salted. The results on the entire experiment showed as 
follows: 

Per Cent Shrinkage from Blood to Tannery Beceived Weight. 

Brined 19.00 Salted 17.80 

White Weight Gain from Blood Weight 

Brined stock made 0.5 point less than salted with mellow treatment, hut 3.8 points 
more with sharp treatment, that is, from 120.0 to 123.8 per cent. 

Pure Leather Yield on Blood Weight 

The brined stock made 1,1 per cent more leather with the mellow treatment than did 
the salted and 1.7 per cent more with the sharp beam-house treatment. 

Finished Leather Yield on Blood Weight 

The brined stock made 0.2 per cent more leather with the mellow treatment than did 
the salted and 1.4 per cent more with the sharp beam-house treatment. 

The second large-scale experiment involved some 20,000 heavy, short- 
hair steer hides. All the procedures of the first, experiment were followed, 
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except, that the hides were not split into sides before curing; that is, whole 
hides were alternated between the two curing methods. The weight gains 
and leather yields showed essentially the same comparison as in the first 
experiment. The brined hides of the second experiment., like the first, 
showed practically no salt stains, and the leather was again plumper than 
that from the regular cured hides. 

The differences in weight yields noted above were small but appreciable; 
the leather from the brined stock was plumper and showed practically no 
salt stains. Of probably greatest importance was the uniformity of quality 
and condition shown by brined hides. DeBeukelaer 1 has recently reported 
large-scale experiments on brined hides as follows: they show higher white 
weight gains than the salted, equal or slightly superior leather yields, plumper 
leather, and freedom from salt stains. The same author has studied the 
brining of calf skins, and one of us has had opportunity to watch their behavior 
in the tannery. When properly processed, they produce superior upper 
leather which is singularly free from salt stains. 

The early Cincinnati studies described above* have been followed by many 
important, investigations in various laboratories. 

Kaye 4 obtained ox hide within 15 minutes after flaying, washed it, and then 
brined specimens in sodium chloride solutions of various strengths: 10, 15, 
20, 23, 27, and 33 per cent; other specimens were dry-salted. Duplicate 
specimens were allowed to stand in room atmosphere, at 20-22° C, and 
samples were t aken after 5, 11,32, and 52 hours, and for 8 days aid were then 
treated with the same salt, solutions and with dry salt. The brined specimens 
were removed from the brine and were salted with dry salt for 1,2, and 8 days, 
and for 3 months. All of the various specimens were examined microscopically 
at the end of the various curing treatments. Kaye's findings may be sum¬ 
marized as follows: 

Hide must be cured within a few hours after death if it. is to retain a con¬ 
dition approaching fresh hide. A hide salted immediately after death is fresher 
after several months storage than if allowed to lie around for several hours 
after flaying. Brining prior to salting w r as found to be advantageous, but the 
brine solution should be maintained saturated with salt, and its temperature 
should not exceed 22° C. 

Bergmann 2 has made extensive studies of the curing problem and has 
concluded as follows: 

“The hide should be washed immediately and carefully to remove all 
substances containing many bacteria and having a tendency to develop 
bacterial fermentation, i.e. } substances such as blood, dung, lymph, and other 
impurities. The next step is to provide the entire hide as quickly as possible 
with a high salt content, which can best be done by brining.” 
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And in 1932 Bergmann 2 stated: “Well brined hides do not heat so readily 
as unbrined and soak back much better.” 

In summarizing their extensive curing studies, Koppenhoefer and Somer 6 
state, among other conclusions: “The advantages of brining of freshly 
flayed hides can be reiterated on the basis of the results obtained by analyzing 
brine cured hides.” 

Roddy 12 has reported that brining prior to salting increases leather yields 
without harming any of the physical properties of the leather. 

In 1922, McLaughlin and Theis 9 suggested, on the basis of numerous 
experiments, that the reaction of curing salt had an important bearing upon 
the speed of its diffusion into hide and its dehydrating ability, as well as in 
its antiseptic power. Curing salts vary greatly in composition and reaction. 
This has been shown by Bowker and Beck, 3 whose extended analyses we 
produce as Table 43. This table illustrates the veiy great variety of salt 
composition, and it shows that most curing salts are of an alkaline reaction. 

Lloyd, Marriott, and Robertson 6 have studied the curing properties of 
salts of various reactions and have concluded that acid-reacting brine is best 
for preserving hides. And they show that in a 25 per cent brine solution the 
range of pH values at which hide bacteria can grow is between 0.0 and 8,0, 
confirming the original observation of McLaughlin and Rockwell. Stuart 
and Frey 17 have also investigated the effect of the pH value of curing salt 
upon bacterial growth by adjusting 25 per cent salt solutions to various pH 
values with II 2 S0 4 and NaOH and then brining fresh calf skin in them. They 
found bacterial growth to be inhibited at pH 5.0, confirming the observations 
of McLaughlin and Rockwell and of Lloyd, Marriott, and Robertson. 

If curing is accomplished with an acid-reacting salt or brine, mold growth 
may be encouraged. This may be prevented by the addition of the proper 
fungicide to the curing salt or brine. 

Salt Stains 

Brined hides or skins very rarely show a defect known as “salt stain.” 
Salted stock often does, and the poorer the cure and the dirtier the hide or 
skin, the more frequent and numerous are the stains. 

Salt stains in salted hides or skins vary in appearance from a light brow n 
to a greenish blue color. They are difficult and often impossible to remove, 
and they low r er the value of the finished leather. The cause of the stains lias 
been investigated by numerous workers, and from their studies it has been 
established that salt stains are of several varieties. They may be produced 
by bacterial action or may result from the presence of certain iron compounds 
which are present in the skin, itself, or which may be found in the curing salt. 
The most successful preventive of salt stains in salted stock appears to be the 
addition of from 3 to 5 per cent of anhydrous sodium carbonate to the curing 
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Halt. This method is due to Paessler, 11 who ascribed the stains to bacterial 
growth; the addition of the sodium carbonate is presumed to raise the alka¬ 
linity of the skin to a pH value at which bacteria cannot grow. 

As stated above, however, when hides and skins are washed and brined 
before salting, the causes of salt stains are automatically removed. 

Red Heat 

Under this general term is included a variety of coloration which often 
appears upon the flesh side of salted hides and skins. And it may also appear 
on stock which has been brined with alkalim reacting salt solutions. The 
coloration is usually of a reddish or pink caste, but it is sometimes of a 
purplish shade. The stains do not, as a general rule, damage the skin or the 
resulting leather, since most of the chromogenie organisms causing the stains 
are evidently not proteolytic. The subject has been especially investigated 
by D. J. Lloyd 6 and her colleagues, by Bergmann, 2 and by Stuart and Frey. 17 

Lloyd, Marriott, and Robertson state that the red heat coloration is 
produced by halophilic organisms. These ehromogenic bacteria are not 
usually found on fresh hides; they are added to the hide through the use of 
certain marine salts. The growth rate of the organisms is much slower than 
that of ordinary" hide bacteria. Growth may be prevented by rendering the 
curing brine acid in reaction, through the addition of an acid salt. Two 
types of ehromogenic cocci, one of which is a red saicinu and the other a 
yellow sarcina , were isolated from stained hides. The red variety appealed 
to be non-proteolytic, whereas the yellow variety was proteolytic. Bergmann 2 
has also concluded that the colorations referred to are caused by ehromogenic, 
halophilic bacteria, some of which can grow in an alkaline environment which 
is of a pH value as high as 9.0. lie isolated the following ehromogenic 
organisms from the stained areas of cured hides: sarcina lufea, sarcina auri- 
antica, micrococcus roscus , micrococcus telragcnus, protcus vaiiety, actinomyces 
variety, and bacillus sub tills. All these bacteria were capable of liquefying 
gelatin, and two were fat-cleaving. Stuart and Frey 17 found that ehromo¬ 
genic, hide-reddening bacteria were unable to glow in a medium whose pH 
value was 5.0; growth occurred at pH 5.5 only after six weeks of incubation 
at 30° C. But they pointed out that such pH values may encourage mold 
growth. They made an extensive study of the most efficient fungicides to be 
added to the salt, and the interested reader is referred to this important 
article. 

Lack of space lias prevented our giving more than a brief outline of the 
important subject of curing. But we have endeavored to outline the impor¬ 
tant principles underlying curing, and their practical application. Since 
both the principles and their application are simple, it is difficult to under¬ 
stand why so little progress has been made* throughout the world in the curing 
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of hides and skins during the past two decades. Possibly the conditions of 
keen competition which lie ahead of the leather industry will st imulate it to 
action in this profitable and most, important field. 
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Chapter 8 
Soaking 

The fii'st tannery process given the cured hide or skin is termed “soaking”; 
that is, it is soaked in water or in an aqueous solution of a chemical. This 
process is of great importance, for if it is improperly performed, the final 
leather will usually be defective. The soaking process must be understood 
both in itself and in its relation to, and bearing upon, t he subsequent processes 
through which the skin is to pass. The extent/ and kind of soaking process 
required vary with the nature and condition of the skin itself, with the sub¬ 
sequent processes, and with the kind of leather to be made. Since these 
factors vary from time to time and from place to place, no hard and fast 
soaking rules can be formulated. But we shall describe the objects of soaking, 
the principles which underlie their attainment, and finally the application of 
the principles which have been derived. 

The salt-cured or dried skin reaching the tauncry contains less than its 
physiologic water content; it contains proteins which were originally in a 
liquid state but are now partially dried and often coagulated; the salt-cured 
skin contains salt; and its outside surfaces are covered with more or less 
extraneous matter and filth, together with many bacteria. The objects of 
soaking are: to rehydrate the skin proteins; to partially solubilize and remove 
the denatured dissolved probans; to open up the contracted fibrous structure 
of the skin; to remove the earing salt in the ease of salted skins, and to clean 
off surface filth. The cured skin contains many proteolytic bacteria. These 
bacteria are held in check by the presence of curing salt or, in the case of dry 
unsalted skin, by the absence of free water. When, in either case, the 
restraining influences are removed and when conditions become favorable 
for bacterial growth, bacterial digestion of the skin commences. It is neces¬ 
sary to prevent such digestion. The reader will therefore realize that soaking 
must be considered in both its chemical and bacteriological aspects, and that 
the two are interrelated. 

The composition of animal skin is described in Chapter 3; but for our 
soaking studies, it will be here noted that skin is composed of various pro¬ 
teins, salts/and fatty bodies, in addition to water. The main protein con¬ 
stituent is collagen, together with smaller quantities of so-called coagulahle 
proteins, such as albumin, globulin, mucoid, together with blood proteins. 

Before 1923 no systematic investigation of the soaking process had been 
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published. McLaughlin, Theis, and Rockwell 3 therefore undertook to study 
it from both the chemical and bacteriological approach. We shall first 
describe their results and then refer to the many important subsequent studies 
of other workers. 

Swelling of Cured Hide or Skin in Soaking 

The extent to which cured skin substance can swell in water or in a 
saturated lime solution is a function, among other things, of the extent to 
which the hide or skin has dried in curing and before soaking and liming. 
The bend of a heavy salt-cured, short-hair steer hide contains approximately 
41 per cent water and 12.50 per cent sodium chloride. Specimens of such a 
bend were dried to varying moisture contents by subjecting them to flowing 
air at 33° (\ After drying, they were placed in distilled water at 20° C. 
They were removed at the end of 24-hour periods, surface moisture was 
removed by blotting, and they were then weighed. The specimens were then 
put back into fresh distilled water, and this treatment was continued until 
a maximum of swelling had been reached. Following the water-soaking 
treatment, each soaked specimen was placed in a saturated calcium hydroxide 
solution containing excess lime at 20° 0 and remained therein for 120 hours. 
They were then removed, blotted, and again weighed, after the now loosened 
hair had been mechanically removed. The final weight, percentage after 
soaking and liming is termed the “white weight” in tanning parlance. 

The results of these experiments are given in Figure 30, when* all weight 
percentage results are based upon the weight of the original undried, cured 
hide, which contained per cent water. The figure shows that whereas the 
cont rol gained 30 per cent in weight at the end of 48 hours of water treatment, 
the specimens which were dried gained progressively less, as a function of the 
extent of drying. Thus, for example, the specimen which was dried to con¬ 
tain 29 per cent of water gained only 15 per cent over its original undried 
weight. We note also that the drier the hide, the longer is the soaking period 
required for maximum soak weight gain. The figure shows, too, that the 
percentage of white weight gain (that is, the relation between unsoaked and 
limed weight) is directly related to the extent to which the hide has dried. 

Similar experiments were conducted with cured calf skin, with results 
essentially the same as those obtained with cured steer hide. From all these 
results we can appreciate, also, the importance of a uniform moisture content 
throughout the area of the hide or skin as it enters the tannery soak. If the 
skin has dried out in spots and such skin is given the normal soaking period, 
the dried spots will be undersoaked; conversely, if the soak is sufficiently 
extended to hydrate the previously dry spots, the remainder of the skin will 
have been oversoaked. 

Since we shall frequently discuss the swelling of hide or skin in connection 



160 


CHEMISTRY OF LEATHER MANUFACTURE 


with soaking and liming, it may be well to point out that the degree of swelling 
i desired may vary with a process or a finished product. But the ability of the 
skin to attain a normal maximum swelling (even though such maximum may 
not be employed) is of great importance, and is one of the best gauges of the 
intrinsic value of the skin. The skin is usually completely hydrated at the 



% Moisture in Hide fitter Drying 


Figure 36 


point of its maximum swelling in the soak. And if the soaking period is 
extended beyond this point, the skin loses in hydration and commences to 
dissolve. As a result of the investigations here described, many tanners have 
reduced their soaking period to conform with the point of maximum swell 
and have thereby obtained better results in leather yields and plumpness. 
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Character of Nitrogen Dissolved in Soaking 

It was noted in Chapter 3 that animal skin contains in addition to collagen, 
its principal protein constituent, other proteins such as albumin, globulin, and 
mucoid. McLaughlin and Theis in 1923 pointed out, that these were eoagula- 
ble by heat or by acid and that their removal in soaking greatly affected the 
ability of the skin to swell. This is because these proteins become hardened 
during curing and tend to cement the collagen fibers together, thus preventing 
their separation and swelling. They termed them “coagulable” proteins, 
and divided the nitrogen which was found dissolved in soak water into the 
coagulablc and uncoagulable. Since the coagulable proteins present in cured 
skin are more soluble in sodium chloride solutions than in plain water, numer¬ 
ous experiments wore made in which both cured heavy hide and cured light 
skins were soaked in varying concentrations of sodium chloride. The data 
given in Table 44 are typical of these experiments, "fable 44 shows the amount 
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and kind of nitrogen in the soak water when one part of cured heavy steer 
hide was soaked for 24 hours at- 20° C in four parts soak water or salt solution. 
Since the cured hide* contained about 12.5 pel cent of sodium chloride, and 
since this salt readily diffused into the surrounding soak water, the control 
experiment, it will be noted, showed a final soak salt concentration of 2.83 
per cent, as would be expected. The difference in salt concentration between 
the first and second columns of the tabic in each experiment is explained by 
the outward diffusion of the curing salt. 

It will be noted that the amount of coagulable nitrogen extracted from 
the hide increases with each increment of salt concentration up to 12.5 per 
cent, and that it decreases with further salt concentration. As will be seen 
later, there was practically no bacterial growth in the solutions containing the 
higher salt concentrations. 

The closely knit- epidermal layers of the skin do not permit the outward 
diffusion of the colloidally dispersed coagulable proteins which are removed 
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in soaking; these proteins diffuse out of the skin through its flesh side. This 
was found to be true by means of the following experiment: 

Pieces of heavy steer hide were clamped into a flanged eight inch copper 
cylinder, so arranged that the soak water could freely penetrate the flesh 
side of the hide from below. Water was then poured into the cylinder and 
rested upon the hair or grain side of the hide. In this way, McLaughlin and 
Theis were able to separately analyze (lie soak water for the amount and 
nature of nitrogen which had come from the hair side and that which had 
diffused from the flesh side. 

Employing this method, both domestic and Frigorifico hide were soaked 
for 48 hours at 20° C, and at the end of this period the soak water was analyzed. 
It was found that GO per cent of the total nitrogen derived from domestic 
hide came from its flesh side and 40 per cent from the grain, and the cor¬ 
responding figures for the Frigorifico hide wore 50 and 4 i. When the domestic 
hide was well fleshed before soaking, the figures changed to 08 and 32 per cent. 
The important finding was that no coagulable protein was derived from the 
grain side in the three experiments. All of the coagulable nitrogen found in 
the soak was derived from the flesh side. 

Effect of Temperature in Soaking 

Salt-cured calf skin was soaked for two successive 24-hour periods at. 
varying temperatures, in four parts water for each one part. skin. The 
amount of total nitrogen dissolved, based upon the original skin weight, and 
the swelling of the skin an' shown in Table 45. 
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The figures in Table 45 show large decreases in swelling as temperature 
exceeds 20°, and these changes are coincident, with increased solution of 
nitrogen. These changes are not merely the result of increased solution of 
the skin as a function of rising temperature; they are brought about largely 
by bacterial growth and digestion of the skin. This is shown in Table 46, 
where one part of cured calf skin was soaked for 12 hours in water at varying 
temperatures and the bacteria were counted at the end of the soak period. 
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Since bacterial growth in soaks is of such great importance, the lag period 
and generation time of calf skin bacteria were determined; these data are 
shown in Table 47. By “lag period” is meant, in this instance, the amount 
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Rate of Bacterial Growth in Soaks 

Examination of many specimens of domestic (salted) and Frigorifico 
(brined and then salted) heavy steer hides showed that the former contained 
an average of some 43,000 bacteria per each gram of hide, whereas the latter 
contained 13,000. The domestic cure contained about twice as much soluble 
surface nitrogen as the Frigorifico. The sodium chloride content of hides 
of both cures was similar, about 12.5 per cent. When samples of both cures 
were soaked in four times their weight, of soak water at 20° O for varying 
time periods, bacterial growth occurred as shown in Table 48; this expresses 
the number of bacteria found per ml of the soak solution. 

Table 48 
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From Table 48 it will be noted that a sharp increase in bacterial growth 
occurs after 16 hours soaking at 20° 0 in the case of both types of cure. We 
shall now consider other factors which, in addition to temperature, affect the 
rate of bacterial growth in soaking. 

Bacterial growth in soaks is very sensitive to the reaction of the soak 
water, as would be expected in view of the data shown in Chapters 6 and 7. 
When cured steer hide is soaked in four times its weight of water at 20° C for 
36 hours, and when the pH value of the soak water has been adjusted by the 
addition of hydrochloric acid or sodium hydroxide, the amount of growth 
varies with the final pH value of the soak water. Thus domestic hide soak 
water at pH 4.98 shows 4,200,000 bacteria per ml; at pH 6.60, 70,000,000 
and at pH 8.20, 6,300,(XX). Frigorifico cured hide shows, at the same pH 
values, 40,000, 49,400,000 and 1,375,000, respectively. 

Bacterial growth in soaks is greatly affected by the concentration of 
sodium chloride present in the soak. This is shown in Table 49, where one 
part of steer hide was soaked in four parts water containing varying concen¬ 
trations of sodium chloride at 20° 0. Bacterial growth is shown in the table 
as the number per ml soak solution. 
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Soak bacterial growth is also stimulated by the presence of available, 
soluble protein present in the soak. Thus a poorly cured hide or skin, or one 
containing blood or manure, will stimulate bacterial growth to a much greater 
extent than if it were well cured and clean. 

Effect of Varying Proportion of Skin and Water 

The number of pounds of water in which each one pound of skin is soaked 
must be considered. In the ease of salt (sodium chloride) cured hides or 
skins the salt which diffuses out into the soak water assists in the removal of 
the coagulablc proteins on the one hand and tends to restrain bacterial growth 
in the soak on the other. The greater the amount of soak water employed, 
the greater will be the dilution of the salt. This may result in a decreased 
extraction of coagulablc protein material, an increased bacterial growth, 
and consequently the solution of valuable collagen. On the other hand, too 
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little soak water will prevent the rapid, uniform, and complete hydration of 
the skin; the skin will not be properly conditioned for the subsequent processes, 
and inferior products are obtained. Many large-scale practical experiments 
have indicated that approximately four pounds of soak water per each pound 
of salt-cured hide or calf skin gives the best results. 

Soaking Dry Hides and Skins 

The soaking of dry hides and skins presents a special problem to the 
tanner. Soaking such stock in plain water is unsatisfactory because of the 
great length of time required and the consequent danger of bacterial attack, 
together with the fact that but very slight dispersion of the dried coagulable 
proteins occurs. As a result of this, the collagen fibers are unable to swell 
and open properly. The addition of acids or alkalies, or of sodium sulfide, 
to the soak water to expedite the skin’s hydration has not proved satisfactory. 
McLaughlin and Theis found that soaking sun-dried goat skins or dry hides 
in a sufficient concentration of sodium chloride for 21 hours and then trans¬ 
ferring them to fresh water for another 24 hours resulted in satisfactoiy and 
uniform hydration and the dispersion of and a greatly increased removal of 
coagulable proteins. This method of soaking has been used advantageously 
by tanners of both dry goat skins and dry hides, Salt soaking is also being 
successfully employed by tanners of salt-cured hides. 

As stated above, it is not feasible to formulate specific rules for all types 
of soaking, since conditions, processes, and desired leather qualities vary. 
But it is now generally recognized that soaking bears very directly upon the 
behavior of the hide or skin in the subsequent processes through which it 
must pass, and upon the quality and quantity of the final leather product. 
Now that, the principles have been formulated, the tanner is in position to 
apply them to best meet his own conditions. 

There have been other valuable studies of the soaking process. In 
1924, Kaye and Lloyd 1 pointed out that when animal skin dries, the inter- 
fibrillary proteins form a non-swelling, insoluble, and non-elastic deposit 
around the collagen fibers, preventing their proper soaking and swelling in 
water. Lloyd and Pickard 2 were later granted both British and United States 
patents covering the addition of certain polyvalent salts, such as sodium 
citrate, ferrocyanide, or pyrophosphate, to soak waters for the dispersion of 
the coagulated proteins of dry hides and skins. Pleass 6 has made an extensive 
microscopic study of dry hides and dry goat skins which wore soaked in 
aqueous solutions of many different dispersive chemicals She summarizes 
her findings as follows: 

“An examination of the effect, of the addition of various salts to a soak 
liquor on the fiber structure of dried hides (Bolivian) and skins (Patna goat) 
has been made, and it appears that the addition of sodium chloride, sodium 



166 


CHEMISTRY OF LEATHER MANUFACTURE 


nitrate, or acid solutions of sodium bisulphite is very beneficial in the case of 
hides. For goat skins, however, sodium chloride is of considerable use, but 
high .concent rations arc required. Better results can be obtained, however, 
by using mixtures of sodium chloride and nitrate in conjunction with a small 
amount of an alkali such as sodium carbonate. Substances which disperse 
coagulated interfibrillary proteins (such as sodium citrate) appear to be of 
more use for dried goat skins than for dried hides. Sodium sulphide is not 
a good agent for soaking back either dried hides or skins.” 

Roddy 6 has recently made histologic studies of the location of the coagula- 
ble proteins present in fresh, cured, and soaked skins and hides. He finds 
these proteins are selectively stained by means of a 1 per cent aqueous solution 
of Gentian Violet. In this way lie has demonstrated that the coagulable 
proteins are located mainly in the thermostat layer, much less being stamable 
in the corium. But in this connection it will be recalled that McLaughlin 
and Tlieis were able to extract very considerable quantities of coagulable 
proteins from the corium of fresh steer, cow, and calf skins. Roddy 6 also 
confirms the observations of previous workers (see Chapter 7) that brining 
before salting produces a better cure and superior leather results than are 
possible by ordinary salting. 

Roddy and Jlermoso 7 soaked heavy steer hide for 21 hours in various 
solutions and determined the amount of coagulable nitrogen extracted. If 
we express the coagulable nitrogen ext racted by their plain water soak con¬ 
trol (containing around 3 per cent sodium chloride) as 100 and relate thereto 
that extracted by the other solutions, the following figures are found: 1 per 
cent sodium citrate, 124; 10 per cent sodium chloride, 121; 1 per cent mag¬ 
nesium sulfate, 118; 1 per cent borax, 110; 1 per cent sodium carbonate, 113; 
1 per cent boric acid, 89; 1 per cent dimethylamine, 70; and 0.1 per cent 
sodium polysulfide, 92. When the percentage of the total dissolved nitrogen 
which is represented by coagulable nitrogen is calculated, the following 
figures are found: 1 per cent sodium citrate, 44; 10 per cent sodium chloride, 
37; 1 per (sent magnesium sulfate, 50; 1 per cent borax, 40; 1 per cent sodium 
carbonate, 43; water, 34; 1 per cent boric acid, 32; 1 per cent dimethylamine, 
22 and 0.1 per cent sodium polysulfide, 42. 

Roddy and Hermoso have found that the addition of sodium polysulfide 
to the soak is very effective in accelerating the soaking of both salted and dry 
hides; for dry hides they recommend a polysulfide concentration of 0.3 per 
cent on soak solution basis, proportionately less polysulfide being employed 
for the salted. 

Theis and McMillan 9 have followed the changes in the basic amino 
acids—arginine, histidine, and lysine--of salt-cured steer hide during the 
soaking process. They found the amount of these acids to decrease as a func¬ 
tion of the time of soaking, and as a function of bacterial activity of the soak. 
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Theis and Neville 10 have shown by dilatometric means that the hydration 
capacity of skin proteins decreases as a function of bacterial activity in the 
soak. 

The question of the addition of a bactericide to soak waters has been 
frequently discussed. This problem has been dealt with at length by Shuttle- 
worth and Sebba, 8 who have investigated the value of many different dis¬ 
infecting compounds. But this question lias lost most of its significance in 
the light of modern knowledge and practice. In the case of reasonably well 
cured salted stock there is no good reason for soaking it to the point of bac¬ 
terial damage. If it is poorly cured, the soak should greatly be reduced in 
time, in any event. And in the case of dry hides and skins, practice has shown 
that a long soak in plain water- even if a disinfectant is present—does not 
condition the stock nearly as well as if it is soaked in salt solution of sufficient 
strength to prevent bacterial growth on the one hand and to remove coagulable 
material on the other, or if the newer method of a sodium polysulfide soak is 
employed. These remarks do not of course apply when hides or skins must 
be disinfected against pathogenic organisms, such as anthrax or hoof and 
mouth disease. The incidence of anthrax in imported hides and skins is 
becoming progressively less, and to such ari extent that the Bureau of Animal 
Industry has recently announced its intention of eliminating all disinfection 
requirements for anthrax at American tanneries. And as to hoof and mouth 
disease, O’Flaherty and Doherty 1 2 * 4 5 6 7 8 * 10 have only recently evolved a very simple 
means of disinfection. This method consists of soaking the su spected hides 
or skins in four parts of water per one part skin weight, at 20-25° C for 24 
hours, the soak water to contain one part sodium hydrogen fluoride per 10,000 
parts soak wafer, and the pH value of the soak solution to be so adjusted that 
it will be between 6.2 and 6.5 at the end of the 24-hour period. This method 
has now been adopted as official by the B.A.I. Its advantages are its sim¬ 
plicity, economy, and effectiveness. Large-scale tests have proved it to have 
no deleterious effect upon the leather made from either heavy hides or light 
skins. 
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Chapter 9 

Liming and Depilation 

As Wilson stated in Volume I of the second edition of this monograph: 
“the commonest method in use today for effecting the separation of the 
epidermal system from the true skin is also one of ancient origin and is known 
as liming, from the fact that saturated lime water is used.” This statement 
is still essentially true and although many modifications have been made, the 
tanner still uses, in the main, a lime suspension for aiding the removal of the 
epidermal system. 

In genera], hides and skins, after having been properly soaked, are 
immersed in an unhairing solution, the principal constituents of which are 
hydrated lime [Ca(OH) 2 ] and water. In most cases, a “sharpener” is added 
to expedite the depilation action. The hides or skins are allowed to remain 
in contact with this suspension until the hair can be removed satisfactorily. 

McLaughlin 24 has pointed out that there are at least four major objectives 
in the liming operation: (a) to act chemically upon the epidermal system, so 
that the skin may be properly unhaired; (b) partially to saponify the skin 
lipids; (c) to swell and hydrate the skin proteins satisfactorily; and (d) to 
condition the skin chemically and physically for subsequent operations. 
-These four points will be adequately discussed under appropriate headings. 

A great many different modifications of the unhairing process are used by 
the tanner. These might be listed as: (a) the straight lime liquor, in which 
only Ca(OH)s and water are used; (b) the lime and sodium sulfide or sulf¬ 
hydrate liquor, in which a given percentage of sulfide or sulfhydrate are used 
in conjunction with lime; (c) the lime and arsenic sulfide liquor, in which 
arsenic trisulfide is added to the lime liquor; (d) the lime and amine liquor, 
in which dimethylamine is added to the lime suspension; (e) the lime and 
cyanide process, in which a given amount of sodium cyanide is dissolved in 
straight lime liquor; (f) the enzyme and sweating process, in which enzymes 
play an important role. 

In the manufacture of sole and belting leather only a very small amount 
of sodium sulfide is used and the pit system is usually employed. In the 
fabrication of fine calf leathers, the tanner may use a small amount of sodium 
sulfide* in addition to lime, but usually he employs sodium sulfhydrate or 
arsenic trisulfide. In some cases, a mixture of arsenic trisulfide and sodium 
cyanide are used. For calf leather, the tanner usually makes use of paddles 
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and a short liming period. For making side leather, a “burning off” process 
may be used, i.e u a very high sulfide-lime liquor, in which the hair is practically 
destroyed and more* or less dissolved by the unhairirig liquor. This type of 
liquor is the one generally used by the “Patent” leather tanner. However, 
for making certain types of side leather, conventional lime liquor, similar to 
that used for calf leather, may be utilized. 

The origin of the use of alkalies, such as lime, and of sulfides, is unknown. 
It certainly dates back to very early times, however, since one of the stories 
in the “The Thousand Nights and a Night” describes the use of “a paste of 
yellow arsenic and quicklime” as a depilatory. The literature of the fifty 
years preceding 1925 contains many references to the vanqus_j)iiases..of the 
unhairing process. However, if remained for Stiasny 40 in 1906 to make the 
classical investigation of liming. In this stud)', he pointed out facts upon 
which most of present unhairing research rests. - ' Stiasny -was the first to sug¬ 
gest that unhairing was a function of the SH~ and OH ions,, r Wilson 61 and 
Merrill 81 in the early twenties started fundamental studies relative to this 
subject. Most of their work is adequately covered in Volume I of the second 
edition of this monograph, and will not further be elaborated upon here. 

In 1925, McLaughlin and Theis 29 began a systematic investigation dealing 
with depilation. They studied in detail the effects of a straight lime upon 
such important factors as white weight gain, protein losses, effect of agitation 
and lime liquor changes and CaO absorption by the skin during the liming 
period. Their data indicated the following: (1) the liming requirements of 
Domestic and Frigorifico hides are different; (2) the greatest white weight 
comes in the early hours of liming; (3) this weight cannot be taken advantage 
of until the hair slips properly; (1) if liming is carried beyond the point of 
proper hair slippage, the white weight is reduced and the amount of dissolved 
hide substance increased; (5) maximum CaO absorption by the hide occurs 
in about 6 days; (6) temperature plays an important role, in that cold liquors 
delay unhairing, while warm liquors hasten this action; however, warm 
liquors reduce white weight gain and cause destruction of valuable hide 
substance; (7) a minimum amount of excess solid lime is necessary for proper 
conditioning of the hide; and (8) a ratio of one pound of hide to four pounds 
of lime liquor is preferable for proper unhairing. 

In 1927, McLaughlin and Rockwell 26 studied the bacteriological phases 
of liming and came to the following conclusions: (1) fresh lime is able to unhair 
without aid from bacteria; (2) non-spore-forming bacteria are destroyed by 
fresh lime; (3) sporulating bacteria are not killed by a straight lime; (4) the 
disinfectant value of a lime liquor is governed by its alkalinity and by its 
ability to absqrb the carbon dioxide necessary for bacterial growth; (5) bac¬ 
teria may function in an old lime of reduced disinfectant power; and (6), the 
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liming process is essentially chemical and is governed to a high degree by the 
bacterial activity upon the hide or skin during curing and soaking. 

Merrill 31 and Marriott 22 independently suggested a theory of depilation to 
the effect that unhairing is dependent on reducing agents active in alkaline 
solution. These reducing agents can arise from the breakdown of the 
keratinous substances of the skin or from the addition of other agents, i.e, f 
sulfides, cyanides, etc. The investigation made by Marriott in 1928 was of 
tw r o-fold importance; first, he postulated many of the reactions taking place 
between the skin proteins and the specific unhairing liquor; secondly, his 
experimental findings were followed by a suggested theory applicable to the 
whole unhairing action. The work of Merrill and Marriott permits the 
following conclusions: (1) sodium sulfide reacts with the keratins of the hair 
through the medium of the disulfide linkage; (2) reducing agents active in 
alkaline solution actively increase the unhairing rate; (3) oxidizing agents 
retard depilation rate; (4) the pow r er of the reducing substances to increase 
the unhairing rate is primarily dependent upon the OH ~ ion concentration; 
(5) alkaline unhairing media containing no added reducing agent are depend¬ 
ent upon the OH“ ion concentration and the chemical ability of the media 
to produce it; (6) calcium hydroxide acts upon the hair in such a way as to 
produce S““or SH~ ions; (7) the hydrolysis of hair in the pH range 8 to 10.5 
is probably not a simple function of the ()Ii“ ion concentration; (8) calcium 
hydroxide suspensions act upon the cystine, breaking the —S— linkage, 
and produce metallic sulfides and ammonia; (9) the ammonia so formed is 
believed to increase with increasing sulfur content of the skin proteins; (10) 
reducing agents appear to delay breakdown of collagen; (11) the portion of 
the collagen acted upon by the alkaline unhairing liquor yields a large pro¬ 
portion of its total nitrogen as ammonia; and (12) the source of the ammonia 
appears to be the cystine linkages of the hair keratin and the acid-amide 
groups present, both in the keratin and collagen. 

McLaughlin and Theis in their early studies found that if no sulfide is 
present in the lime liquor only some 10 per cent of the total nitrogen is derived 
from the hair, and that this amount is not increased until the sulfide concen¬ 
tration becomes greater than 0.2 per cent solution. McLaughlin and Theis 
were able to demonstrate experimentally that about one-half the total 
nitrogen dissolved from the hide during the unhairing operation was derived 
from the flesh side of the hide. 

Gustavson and Widen 11 state that the action of lime and alkalies in 
general upon protein may be: (1) formation of a chemical compound with 
the specific protein by means of primary valence, which, in turn, may lead 
to a splitting off of elementary groups, giving rise to an increase in the 
number of acidic and basic groups; (2) the salt formation may cause a redis¬ 
tribution and increase in the strength of the auxiliary forces; and (3) the aggre- 
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gates of elementary forces, which may possibly have formed through cohesion 
and other similar forces, are then broken up. 

It has been stated previously that there are many modifications of the 
unhairing process and that various liquors are used in practice. Some of the 
more important ones will now be discussed in detail. 

The Dimethylamine System 

In 1927, McLaughlin, Highberger and Moore 25 published their studies of 
the use of methylamine in unhairing. This work was of considerable impor¬ 
tance because for the first time one of the main constituents active in the 
so-called “mellow” limes was studied. Their data are shown in Tables 50-52 
and Figures 37, 38, and 39. These data show that unhairing occurred at the 


r 

Table 50. Showing the "Relation of Sulfur and Protein Nitrogeu in the Lime Liquor 
to the Time of Unhairing of Fresh Steer Hide, when Limed m the Weight Pro¬ 
portion of 1 Part Hide to 4 Parts Solution, at 20° C (08° F). 

Penults expressed as gms/24 sq in of fresh hide (approx, 100 gms) 






Sulfur by 


Period of liming 


Uuhairmg 

Total 

reduction 

Pronin 

in hours 


condition 

sulfur 

evolution 

nitrogen 


24 

•+ to + »- 

0 0176 

0.0018 

0.0094 


30 


0.0187 

0.0019 

0.0102 

Lime 

48 

4 4 to 4 f 1 

0.0206 

0 0021 

0.0218 

only 

60 

-t 4 - 

0.0196 

0.0022 



72 

1 \ 

0 0243 

0.0056 

0.0189 


96 

1 ♦ 1 

0.0312 

0.0080 

0 0420 


120 

14 1 to i 1+1 

0.0356 

0.0086 

0.0580 


24 

4 4 

0.0166 

0 0006 

0.0173 


36 


0.0177 

0.0033 

0.0229 

1 ame 

48 

i i Mo i- 4 -♦ 

0.0280 

0 0027 

0.0339 

4 .32 M 

60 

4 4 4 

0.0345 

0.0045 

0.0581 

Methyl 

72 

114 4- 

0.0396 

0 0066 

0.0732 

Amine 

96 

4 4 4 4-4 

0.0313 

0.0092 

0.1107 


120 


0.0515 

0.0154 

0.1362 


24 

4- + “ 

0.0155 

0.0007 

0.0100 


36 

4 -4 

0 0237 

0.0015 

0.0165 

Lime 

48 

4 1 to 4 *- " 

0 0209 

0.0010 

0.0203 

+ .32 M 

60 

4- 4 4 

0.0268 

0 0017 

0.0378 

Ethyl 

72 

i ‘Mo^ 1 ' 

0.0325 

0.0046 

0.0479 

Amine 

96 

4 4 1 4 4- 

0.0368 

0.0080 

0.0862 


120 


0.0430 

0.0121 

0.1011 


24 

4 4 . . 

0.0152 

0.0000 

0.0098 


36 

4 4 to 444 

0.0161 

0.0006 

0.0090 

Lime 

48 

4 4 t(> -1 4 

0.0192 

0.0000 

0.0124 

+ .32 M 

60 

i to 4 ' " 

0.0236 

0.0000 

0.0134 

Trimethyl 

72 

4 4 

0.0295 

0.0004 

0.0316 

Amine 

96 

4 4 4 - 

0.0290 

0.0032 

0.0377 


120 

4 4 4 

0 0298 

0.0055 

0.0520 


24 

f 4 ~ 

0 0130 

0.0004 

0.0120 


36 

4- 4 

0.0172 

0 0002 

0.0138 

Lime 

48 

4 4" 

0.0188 

0.0000 

0.0143 

+ .32 M 

60 

4 4 to 4 4 “ 

0.0217 

0.0003 

0.0192 

Ammonia 

72 

4 4 

0 0228 

0.0004 

0.0433 


96 

+ +4- 

0.0240 

0.0034 

0.0491 


120 

■* 4 4- tO 4 4 4 ~ 

0.0271 

0.0003 

0,0736 
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Table 51. Showing the Relation of Sulfur and Protein Nitrogen in the Lime Liquor 
to the Time of Unhairing of Russian Dried (Unsalted) Goat Skin, when Limed in the 
Weight Proportion of 1 Part Dried Skin to 12 Parts Solution, at 20° C (68° F). 
Results expressed as gms/35 sq in dried skjn (27 to 37 gras) 

Sulfur by 


Period of liming in 

Uniiairing 

Total 

reduction 

Protein 

hours 


condition 

sulfur 

evolution 

nitrogen 


24 

+ to * 

.0768 

.0480 

.0302 

Lime 

48 

+ 

.1024 

.0475 

.0585 

only 

72 

+ + 

.1402 

.0530 

.0873 


9€> 

+ + + - to + + 

.1694 

.0895 

.0983 


120 

+ + + 

.1755 

.1020 

.0951 


24 

+ + 

.1044 

.0650 

.0666 

Lime 

48 

+ + + 

.1766 

.1090 

.1358 

+ .32 M 

72 

* + + + - 

.2141 

.1315 

.1061 

Methyl 

96 

+ + + + + 

.2302 

.1390 

.1302 

Amine 

120 

very easy 

.2920 

.1695 

.2002 


24 

+ to + + 

.1090 

.0610 

.0546 

Lime 

48 

+ + + - 

.1658 

.0950 

.0888 

+ .32 M 

60 

+ + + 

.1574 

.0930 

.1152 

Ethyl 

96 

+ + + + 

.2498 

.1570 

.1425 

Amine 

120 

+ + + + + 

.2471 

.1510 

.1429 


24 

+ to “ 

.0874 

.0320 

.0435 

Lime 

48 

+ to + + 

.1284 

.0615 

.0652 

+ .32 M 

72 

+ + 

.1347 

.0810 

.0848 

Trimethyl 

96 

+ + + 

.1575 

.0875 

.1031 

Amine 

120 

+ + + tO + + + + 

.1988 

.1120 

.1041 


24 

4 to ~ 

.0909 

.0390 

.0581 

Lime 

48 

+ + 

.1085 

.0530 

.0721 

+ .32 M 

72 

+ + 

.1481 

.0815 

.0990 

Ammonia 

96 

+ + + 

.1582 

.0915 

.0993 


120 

+ + + t0 + + + + 

.2304 

.1270 

.1270 



Figure 37 
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Table 62. Showing the Relation of Sulfur and of Protein Nitrogen in the Lime Liquor 
to the Time oi Unhairing of Fresh Calf Skin, when Limed in the Weight Proportion 
of 1 Part Skin to 4 Parts Solution, at 20° C (68° F). 

Results expressed as grams per 48 sq in of skin (approx. 90 gms) 


Period of liming in 

VJnliainng 

Total 

Sulfur by 
reduction 

Protein 

nours 


condition 

sulfur 

evolution 

nitrogen 


24 

+ - 

0.0195 

0.0038 

0.0447 

Lime 

48 

+ to + + 

0.0181 

0.0092 

0.0493 

Only 

72 

•+ + 

0.0281 

0.0126 

0.0740 


90 

4 + + — 

0.0343 

0.0174 

0.0918 


108 

+ 4 - + 

0.0426 

0.0189 

0.1232 


24 

4 

0.0268 

0,0087 

0.0559 

Lime 

48 

4 + 4 

0.0434 

0.0244 

0.0717 

-4- 0.32 M 

72 

4 f 4 4 

0.0588 

0.0330 

0.1208 

Methyl 

96 

4 4 4 4 4 

0.0678 

0.0344 

0.1715 

Amine 

108 

very easy 

0,0628 

0.0377 

0.1895 


24 

+ to*- 

0.0202 

0.0114 

0.0396 

Lime 

48 

4 4 4 - 

0.0357 

0.0187 

0.0646 

+ 0.32 M 

72 


0.0468 

0.0235 


Kthyl 

96 

4 4 4 4 4 

0.0502 

0.0283 

0.1198 

Amine 

108 

very easy 

0.0590 

0.0299 

0.1488 


24 

4 - 

0.0076 

0.0018 

0.0284 

Lime 

48 

4 4- 

0.0194 

0.0073 

0.0454 

4 - 0.32 M 

72 

4 4 

0.0228 

0.0111 

0.0617 

Trimethyl 

96 

4 4 4 - 

0.0426 

0.0230 

0.0997 

Amine 

108 

4-14 

0.0441 

0.0216 

0.1090 


24 

4 - 

0.0106 

0,0025 

0.0324 

Lime 

48 

1 to f + ~ 

0.0180 

0.0086 

0.0651 

4- 0 32 M 

72 

+ + to + + + - 

0.0325 

0.0152 

0.1030 

Ammonia 

96 

4 4 4 - 

0.0409 

0.0185 

0.1158 


108 

4 4 4 

0.0481 

0.0216 

0.1482 
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point 4- 4* 4- regardless of whether normal or accelerated unhairing was 
involved. These investigators pointed out that, regardless of the unhairing 
time, a certain minimal destruction of the epidermal keratin must take place 
and that this destruction can be measured by the sulfur content of the liming 
liquor. McLaughlin et al. in addition, pointed out that while primary alkyl 
amines greatly reduce the unhairing time, secondary and tertiary amines 
have little or no effect. It further was stated that the action of the amines 
was not due to increased solubility of the lime, nor to increased alkalinity, 
but was probably the result of direct chemical action. 

Wilson, Merrill and Fleming investigated the unhairing action of methyl- 
amine and found it to be a much more powerful unhairing agent than sodium 
sulfide. In 1928, McLaughlin, Highberger and Moore studied the origin of 
the amines in lime liquor. These investigators developed a quantitative 
method for estimating amines in the skin itself and in the residual liquors 
after soaking and liming. That amines are present during the cure is shown 
in Table 53. McLaughlin et al. demonstrated the formation of amines during 
post mortem action, as shown in Table 54. 

Table 53. The Volatile Amine Content of Brines from a Hide Cellar. 

-Grams nit roue n per 100 pc*-* 


Source of brim* Total volatile Volatile amine 

From heavy steer and cow. Longest cure 60 days. 0.0454 0.0043 

From calf skins. Longest cure 3 months, shortest 5 hrs. 0.0457 0.0036 

From sheep skins. Longest cure 2 days, shortest 1 day. 0.0347 0.0022 

Pool on floor, drainings from heavy steer and cow hides. 

Pool about 18 hours old. 0.0247 0.0015 


Table 54. The Post Mortem Production of Ammonia and Amine in Fresh Steer Hide 

at 20° C (68° F). 


lapsing from 
ox animal 

Ammonia 

hide on flayed weight, 

Volatile amine 

1 

0.1902 

0.0062 

4 

0.2045 

0.0051 

9 

0.2113 

0.0065 

22 

0.2084 

0.0052 

30 

0.2064 

0.0076 

46 

0.2178 

0.0086 

59 

0.2436 

0.0116 

72 

0.2767 

0.0133 


Since post mortem changes taking place within the skin reflect themselves in 
subsequent processes, the formation of amines during the period before curing 
and in curing itself is an important factor. Table 55 shows that the forma¬ 
tion of ammonia and amines parallel bacterial activity; hence the type and 
period of soaking become increasingly important. 

McLaughlin et al. state that since amines are formed predominantly as a 
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result of bacterial action, their formation during the liming process will be 
less, since bacterial activity is almost nil in this process. Table 56 shows 
this statement to be true. 


Table 55. The Production of Ammonia and Amines in Domestic Steer Hide and in the 
Soak Water, After Soaking 72 Hours at Various Temperatures, in the Proper- 
tion of 1 Part Hide to 4 Parts Water. 


-- Grams nitrogen per 100 grams cured hide"' -. . .. ^ 

-- In hide-- - --In soak water-- 


Temp, of aoftk 

Kxpt. 


Volatile 


Volatile 

(°C) (° F) 

No. 

Ammonia 

amine 

Ammonia 

amine 


1 

0.2496 

0.0029 

0.0760 

0.0048 


2 

0.2567 

0.0036 

0.0612 

0.0028 

15 59 

3 

0.2415 

0 0028 

0.0732 

0.0024 


4 

0.2544 

0.0036 

0.0828 

0.0040 


5 

0.2450 

0.0025 

0.0804 

0.0036 


l 

0.2349 

0.0026 

0.0856 

0.005G 


2 

0.2758 

0.0047 



20 68 

3 

0.2966 

0.0049 

0.0792 

0.0032 


4 

0.2496 

0.0032 




5 

0.2472 

0.0027 

0.0860 

0,0032 


6 

0.2623 

0.0029 

0.0836 

0.0036 


1 

0.3104 

0 0037 

0.2876 

0.0084 


2 

0 3049 

0 0036 

0.1560 

0.0060 

30 86 

3 

0.2095 

0.0025 

0.3004 

0.0064 


4 

0.3132 

0.0048 

0.1856 

0.0048 


5 

0 3318 

0.0077 

0.3208 

0.0056 


Table 56. The Production of Ammonia and Amines m the Lime Liquor When Frigonfico 
Steer Hides are Limes m the Proportion of J Part Hide to 4 Parti Solution at 
20° C (68° F), After Soaking 18 Hours at the Same Tenqierature and 

Proportion. 

.-Grams nitrogen of the lime liquor per- 

100 grams of hide 


Hours in lime 

Ammonia 

Volatile armne 

12 

0 0130 

0.0006 

24 

0.0162 

0.0006 

36 

0.0242 

0.0006 

48 

0 0278 

0.0014 

72 

0.0374 

0.0018 


In 1932, Moore, Highberger and O’Flaherty 36 studied the effects of mono-, 
di-, and trimethylamines and mixtures of these upon unhairing. Their data 
are shown in Tables 57 to 61. These data indicate that dimethylamine 
accelerates unhairing as well as, if not better than the mono- derivative; that 
mixtures of the mono- and dialkylamines possess additive acceleration 
powers; that trimethylamine has but little unhairing effect; that dimethyl- 
amine in high concentration markedly affects the hair; and that the amine 
concentration used in practise is without harmful effect on the hide or hair. 

In 1930, Bergmann 4 patented a process for unhairing hides and skins. 
In this patent, he pointed out the possible effect of such substances as the 
organic nitrogen bases such as ammonia, ethylenediamine, piperidine, pyri- 

(Text continued on page 183) 
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Table 59. Action of Lime Suspensions Containing Both Methylamine and Trimethylamme on Frigorifico Cured Steer Hide. 

. Mg non-volatile G limed, unhaired, 

-Methylamme->—Trimethj lamine—- nitrogen m limes from fleshed hide from 

Molar G per Molar G per Hours in 100 g soaked, 100 g soaked. Apparent action 

cone 100 cc cone 100 ce limes fleshed hide Unhairing condition fleshed hide on hair 
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Apparent condition of limed hide good in all cases. 

Note: + + + indicates satisfactory unhairing. 

+ + + + indicates easier unhairing than + + + . 
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Table 61. Action of Lime Suspensions Containing Methylamihe, Dimethylamine and Trimethylamine on Frigorifico Cured Steer Hide. 
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dine, and ureas, and especially the sulfides of such bases. Also, in 1930, 
McLaughlin, Rockwell, O’Flaherty and Highberger 27 patented the use of 
amines specifically as accelerating unhairing agents. 

The general effect of the mono- and dimethylainines in accelerating 
unhairing is not shared by ammonia and appears to be at variance with the 
theory of depilation advanced by Merrill and Marriott, namely, that depila- 
lion in alkaline solution depends upon reducing agents, since amines do not 
possess reducing powers. Phillips attempted to link up the amine effect with 
the reduction theory by postulating that, after the sulfur groupings had been 
hydrated in the presence of alkali, autooxidation-reduetion of the sullenie 
acid side chain causes the formation of hydrogen sulfide and of an aldehyde 
group. Marriott maintains that this theory cannot explain the vigorous 
unhairing effect of dimethylamine. In 1937, Marriott 23 investigated the effect 
of alkyl amines upon cystine and gnat hair. From this study, Marriott 
suggests that while the exact mechanism of the amine reaction may be 
obscure, it depends fundamentally upon the way in which the specific amine 
affects the formation of sulfur-containing reducing agents from the keratin, 
lie maintains that the sulfur atoms are not present in keratin in the foim 
of a simple cystine grouping. Marriott studied the reaction of the amines 
upon cystine and keratin in an environment of calcium hydroxide and sodium 
hydroxide. His results arc shown in Table C>2 


'Table 62. Action of Alkalies on Cystine and Hair and the h fleet of Addil* >ns of Amines. 
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Marriott found in tin: lime-plus-cystino system that the addition of 
dimethylamine retards the production of sulfhydrate ion, that the addition 
of trimetliylamine is without effect:, and that the primary amine strongly 
affects the system. When hair is used in place of cystine, the secondary 
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amine far surpasses the primary amine in its action upon the keratin. Sodium 
hydroxide was found to act differently from calcium hydroxide, since in no 
case did any of the amines react with the cystine. However, when hair was 
used, the reaction was similar to that when lime was employed. From these 
observations, Marriott concluded that the sulfur in hair is not in the same 
form as the sulfur in the amino acid cystine. Marriott pictured the reaction 
of methylamine upon cystine somewhat as follows: 


hAh 
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I MI 
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For dimethylamine, Marriott, maintained that the presence of only one 
replaceable hydrogen prevents any combination with cystine and thus any 
breakdown of the S—S linkage to form poly sulfide. As it has no replaceable 
hydrogen atoms, trimethylamine should be inert. 

Many investigators have found that the keratin molecule is broken down 
by even mild alkali. Therefore, Marriott concludes that the sulfur in this 
particular molecule cannot be bound in the form of simple cystine groups. 
He pictures the cross linkages between and along the polypeptide chains of 
the keratin molecule somewhat after the pattern for poly sulfides. 


0 N C 3ST 

hV MM/ 

IJ ? <t ill, 
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Marriott postulates that this particular configuration allows one of the 
tetravalent sulfur atoms to behave differently from the other three, thus 
enabling one out of every four to be removed by alkali. In strong alkali a 
scission of the two tetravalent sulfur atoms may occur, leaving a C—S—C 
linkage. Marriott thus concludes that the unhairing action of mono- and 
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dimethylarnine is explained as being due indirectly to the formation of certain 
reducing groups. 

In practice, methylamine was first employed, but was later replaced by 
the dimethylarnine. The use of this substance yields a leather with a very 
fine grain; but generally, unless special precautions are taken, the leather 
may be flat and not have the desired fullness. For this reason, American 
practice in general is to use dimethylarnine in conjunction with other unhair¬ 
ing aids, such as sodium sulfide, sodium sulfhydrate or sodium cyanide. The 
use of these unhairing adjuncts aids plumping of the hides or skins during the 
depilation period. 

The Sulfide System 

Some form or other of the lime-sulfide system is the one most generally 
used for the depilation of hides and skins in American practice. It may be 
that the tanner chooses sodium sulfide, sodium sulfhydrate, calcium sulf¬ 
hydrate or arsenic sulfide for his purpose. Regardless of choice, the same 
general mechanism of reaction is involved. 

The chemist’s interest in the keratins is rather a negative one, since he 
always attempts to remove keratin material previous to tannage. Yet, in 
the main, the chemical reactions taking place during the unhairing opera¬ 
tion are with the keratins of the skin. 

The usual characterization of a keratin is that it is a protein making up 
the great bulk of such substances as epidermis, hair, wool, horn, nail, and 
feathers, and is outstanding in its content of sulfur. Block and Vickery 5 
state: “A keratin is a protein which is resistant to digestion by pepsin and 
trypsin, which is insoluble in dilute acids and alkalies, in water and in organic 
solvents and which on acid hydrolysis yields such quantities of histidino, 
lysine and arginine that the molecular ratios of these amino acids are, respec¬ 
tively, approximately 1:4:12.” They state further that a high proportion 
of cystine is not necessarily characteristic of the keratin protein. Table 63, 
taken from the work of Block and Vickery, gives the basic amino-acid content 
of various keratins. 

Tabic 63. Basic Ammo Acids of Various Keratms. 


Protein 

Arginine 

% 

Histidine 

% 

Lysine 

% 

Cyatine 

% 

Human hair 

8.0 

0.5 

2.5 

16 5 

Sheep wool 

7.8 

0.66 

2.3 

10.0 

Snake epidermis 

5.4 

0.48 

1.4 

5.3 

6.4 

Goose feathers 

. 4.8 

0.35 

1.04 

Gorgonia flabellum 

6.4 

0.48 

2.75 

5,5 

PlezaureUa dickotoma 

5.4 

0.43 

3.00 

3.2 

Silk fibroin 

0.74 

0.077 

0.25 

0.0 
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Michaelis 32 (Compares the keratin proteins with silk and cellulose with 
special relation to their colloidal properties. Silk thread is a chain of amino 
acid molecules. These threads of molecules are oriented parallel to one 
another and are linked together by some such agency as Van der Waals* 
forces or secondary valence. Keratin has a fibrous pattern, but it seems that 
the elementary fibers of keratin are held together not only by secondary 
valency forces but also by true chemical bonds. In contradistinction to silk 
and collagen fibers, the keratin fiber is said not to have a “shrinkage tem¬ 
perature.” Keratins can be stretched, and this property may vary with the 
various forms of keratin. Astbury 1 distinguishes two forms of keratin, 
a and 0. The former (‘an be stretched only slightly, thus suggesting the idea 
that this particular keratin fiber has been stretched almost to a maximum. 
The 0-keratins, found in wool and hair, can be stretched. Astbury maintains 
that the elementary fiber in its original pattern is not fully extended, but forms 
a zig-zag structure. 

The bridging or linkage between elementary keratin fibers may be of 
several kinds: sulfur linkage due to the amino acid cystine; salt linkage due 
to the dicarboxylic and dibasic amino acids; and finally the short link (N -0), 
such as would be formed in practically any protein. 

Keratin is very resistant to chemical and to enzymatic action. Acid 
decomposes it, reducing the protein to its constituent amino acids. Strong 
alkalies accomplish the same purpose, but alter the amino acid cystine. 
However, certain reducing agents react with the sulfur linkage, cleaving the 
elementary fibers from one another without destruction of the protein. The 
type reaction Ls: 

R--8—8—K + H 2 — 2RSH 

Michaelis indicated six different reductions of this sulfur linkage: 

(1) It—8—8—R 4 (nascent) il 2 —*211811 

(2) li - S—S—R■+ 21 IS CHjCOOH — 2RSH+(S OII 2 0<X>H), 

(3) R—8--8 R-fllON —RSH+RSON 

(4) R—8—8 - R + 211*8 2U8II +11,8* 

(5) R- S—S—R r H 2 S -* RSH -4 118 SR 

(0» R—8- -S—R 1 US O, — RSH - RS 80,11 

Reaction (2) is the interesting one, since keratin is dissolved by thioglycollic 
acid at pH 12.0. It further appears from the analysis of the dissolved protein 
that only the -~S—S — linkage of the protein has been disturbed; these 
change to —SH .groups. Goddard and Michaelis 10 showed the changes 
taking place by use of thioglycollic acid, cyanide and sulfide. 

Harris and his eo-workers 7 - 12 in a recent series of papers have investigated 
the role played by cystine in the structure of wool. They indicate four 
possible structures for wool cystine: 
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It is pointed out that if the cystine of wool were combined in the peptide 
chain only through amino and carboxyl groups attached to the same carbon 
atom (formula I), any process breaking the disulfide linkage would eliminate 
one-half the sulfur. If formula 11 were correct, treatment with nitrous acid 
would destroy at least half the cystine. Titration curves of wool proteins 
indicate that all the carboxyl groups are accounted for by the content of 
glutamic and aspartic acids, more or less ruling out formula III. Thus the 
major part of the cystine must form parts either of two separate elementary 
fibers or of a single folded chain, as shown in formula IV. 

Patterson, Geiger, Mizcll and Harris 37 studied the effect of thioglycollic 
acid over a wide pH range and postulate: 

w—S~~S~-W + 2IIS— (Ul 2 ~-C001] 2W—SIl -f- (S—CU r —COOll)* (t) 

W—Sll + R X - * W~ SR + HX (2) 

where W represents wool connected by the disulfide grouping, R an alkyl 
group and X a halogen atom. The use of a dihalide gives 

2W--SH -\ (CU 2 )JI 2 W~S—(Cni,)r-S—W + 21IS (3) 

Reactions (2) and (3) offer a means of preparing a large number of wool 
derivatives. 
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Such reactions as occur in equations (1), (2) and (3) in the case of wool 
can well be applied to hair, and to studying the action of unhairing solutions 
upon the keratins of animal skin. Patterson et ah found that while the 
alkali-solubility of the reduced and methylated w r ool increased as its content 
of unchanged cystine decreased, that of wool reduced and treated with an 
alkyl dibromide decreased. It is further pointed out that such evidence 
indicates a rebuilding of cross-links of a type that are stable to alkali. 

Schoberl and Eck, 89 in their study of the alkaline cleavage of disulfides, 
believe the following reaction occurs: 

R—<ll a —S— 8—OU 2 —R - R—OH 2 -SH -f 1 LOSCHjR 
R—01 h SOH —♦ROIIO + HzS 


Crowder and Harris 7 point out that their investigation indicates that the 
alkali degradation of wool proceeds according to the above equations, in that 
the alkali-treated samples showed “aldehyde” by Schiff’s reagent. These 
workers also demonstrated that the sulfur split off is inorganic in character. 
Fig. 40, plotted from their data, shows the cystine loss and weight loss during 
treatment with 0.05JV sodium hydroxide solution at 65° C. These data 
indicate a rapid splitting off of a portion of the sulfur during the early period 
of treatment. After 4 hours’ treatment, the change is insignificant. These 
workers point out that the extreme case, in which approximately one-half 
the sulfur is removed, suggests the cleavage of the disulfide linkage into one 
labile and one comparatively stable sulfur atom. They further point out 
that under the conditions of the experiment cysteine and its derivatives would 
be stable, since the sulfur of the cysteine in w’ool (obtained by reduction of 
w r ool in alkaline solution) is stable under these conditions. They also suggest 
that since wool is not in solution, not all the — S-~ groups are reacted 
upon by the alkali, and that therefore it is probable that the sodium sulfide 
formed by the action of alkali upon some of the — S—S— groups tends to 
reduce the unreacted —S—S— grouping to sulfhydryl compounds, and thus 
increase the stability toward alkali. 

Harris and Smith, 12 discussing the state of the sulfur in oxidized wool, 
showed the formation of the inorganic sulfur 


R—OH* 


Increasing pH 

CM 2 —R R—CHj—SH + R—CHj—SOH 


Decreasing pi I 


Decreasing 


Pb 8 - 


pH 


Increasing pH 


■ H»S + K—CIIO 


Since wool upon treatment with alkali tends to lose half of its sulfur 
quickly and then becomes very resistant to alkali, and since treatment with 
sodium sulfide increases the activity of the alkali on the keratin, it would 



PERCENTAGE 


LIMING AND DEPILATION 


189 





2 4 6 8 

HOURS 


Figure 40. Cystine loss during treatment with sodium hydroxide (Crowder and Harris). 
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seem that the alkali really causes a change in the disulfide linkage such, 
perhaps, as the following: 

K —S- S U ->R ~~H~ -IU-Nh*S 


If such is the case, the II— S R structure is much more resistant to alkali 
action. Hirsch, 15 in discussing the action of alkali on keratin, maintains that 
the alkali reacts on the disulfide linkage, changing it as postulated above. 
He f urther claims the R S— R type of linkage is extremely resistant to strong 
sulfide solutions. This contention is borne out in practice, as will be dis¬ 
cussed laler. Hirsch calls this action “immunization” and claims that it 
begins at pH 12.0. 

In 1943, Mizell and Harris 33 made a further study of the nature of the 
reaction of wool keratin with alkali. They point out that their results lead 
to the conclusion that the alkali cleavage of the' disulfide group does not 
consist of a simple hydrolytic rupture of the ~-S S linkage, with sub¬ 
sequent formation of a sulfhydryl compound and a sulfonic acid, but involves 
rather a rupture 4 between sulfur and carbon, yielding dehydroalanine and a 
- CH* 2 ~ 8- SH residue. This same mechanism was recently suggested by 
Nicolet and Shinn. 36 

Mizell and Harris point out that there is considerable support for the view 
that new linkages can be formed from ruptured ones, as has been postulated 
by Horn, Jones and Ringed. 16 Nicolet and Shinn 36 have postulated the 
following reaction, showing a split between carbon and sulfur: 
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The above concept has many advantages over those of other investigators, 
since it not only explains the loss of half the sulfur but it meets the require¬ 
ments for linkage reforming, and thus accounts for the relatively high tensile 
strength and low alkali-solubility of alkali-treated wool and hair. This view 
also substantiates the claim of Hirsch that a —C—S—0 linkage is formed, 
bringing about immunization of the hair. 
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Theis and Ricker 47 made a study of the reactions taking place in the 
unhairing process. Their experimental procedure was the following. 
Thoroughly dry, green-salted, well fleshed cow hide was ground to a powder 
in a Wiley mill. The ground hair, hide and salt (contained in the cured hide) 
was allowed to air-condition for several days and was then thoroughly mixed. 
The mixed material was then analyzed for moisture, with the finding that 30 
grams of this mixed material represented 50 grams of the original cured hide 
(containing 40 per cent moisture). 

Six 30-gram samples of this special powder were soaked in water for 24 
hours, filtered and thoroughly washed. Each of the six samples was then 
placed in 300 ml of 0.2 jV NaOH containing 0.5 gram of 70 per cent sodium 
sulfhydrate. The hide powders were subjected to this treatment for time 
intervals varying between zero and 170 hours. After definite intervals, thd 
alkali-treated hide powder was filtered off and well washed, the solution and 
washings being carefully saved for analysis These solutions were analyzed 
for sulfite, sulfide, thiosulfate, polysulfide, and sulfate. The efficiency of 
recovery in terms of sulfur was about 95 per cent. The analytical methods 
used are given below. 

The solution to be analyzed is filtered through a plug of absorbent cotton and washed 
with water until one liter of filtrate and washings have been collected m a volumetric flask. 
Aliquot portions of this solution are immediately treated as follows: 

Total Sulfur: Dilute the sample with an equal volume of water, and oxidize with Bra 
by heating on a steam bath. ('omplete oxidization is assured and organic matter destroyed 
by fuming with a mixture of nitric and perchloric acids The resulting solution is neutral- 
ized with ammonia and rendered faintly acid with HQ, after which the „.ulfate is pre¬ 
cipitated as BaB0 4 , filtered, dried, and weighed. 

Sulfide: The sulfide is removed from the solution by treatment with a Z 11 CO 3 suspen¬ 
sion. The ZnCOg ~ZnS is filtered, washed, and dissolved in NnOII. Bra is used to oxidize 
the sulfide, the solution being heated on the steam bath for one hour. After neutralizing 
with HC1 and adding a slight excess, the residual Br* is boiled off and the sulfate precipitated 
with BaC!l s . A blank must be deducted from the weight of BaS () 4 so obtained, since most 
ZnOO* contains some sulfur 

Polysnljlde: The sample is pipetted into a solution of KON and boric acid, to form 
KCNS. Excess H( \N is removed by vigorous boiling for 15-20 minutes. The cold solu¬ 
tion is treated with Br* to oxidize any thiosulfate present, and the excess Br* removed by 
treatment with phenol. KI is added and the liberated I«, a measure of the poiysulfide 
present, is titrated with standard thiosulfate solution 

Thiosulfate: The sample treated with BaQ 2 and the resulting precipitate (BaCO*, 
BfuSOa, and BaSOd is thrown down by centrifuging An aliquot of the clear solution is 
pipetted off into a buffer of about pH 7. I1 2 S is boiled off under vacuum. The thiosulfate 
present is determined by titration with iodine, after acidification with acetic acid. 

Sulfite: The sample is treated with BaQ 2 arid centrifuged. The solution is filtered 
and the precipitate washed free of sulfide. Sulfite in the precipitate is determined by 
treatment with HQ and a measured quantity of iodine solution, followed by titration of 
the excess iodine with thiosulfate. 

Sulfate: The precipitate from the thiosulfate determination is filtered, washed, and 
treated with hot HQ, which dissolves the BaS0 3 present. The BaS () 4 remaining is filtered 
through a weighed Gooch crucible, washed, heated moderately, and weighed. 

The data obtained by Theis and Ricker are shown in Table 64, and Figures 
41 to 44. They reveal (1) that the sulfide content undergoes an initial rapid 
decrease during the first two days of treatment, longer treatment causing 
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only a slight further decrease in sulfide; ( 2 ) the polysulfide content increases 
markedly during the first 24 hours of treatment, beyond which time little 
change takes place; (3) the thiosulfate content increases rapidly during the 
first 48 hours, after which the increase is slow 7 but positive—the curve repre¬ 
senting thiosulfate increase is complementar}^ to the sulfide curve; and (4) 
the sulfite concentration changes at practically the same rate, whether hide 
is present or not. 

These investigators further studied the unhairing systems containing 
0 , 2 ^ sodium hydroxide only and calcium hydroxide and sodium sulfhydrate. 
These data are shown in Table 65 and Figures 41 to 44. 


Table 64 

» 


(30 g dry hide m 300 ec 0.2V NaOH, with 0 5 g NaSH) 



(Blank) 

0 

28 

40 

78 

99 

123 

144 

(Blank) 

170 

Total gram aulfur dissolved as 

hours 

hours 

hours 

hours 

hours 

hours 

hours 

hours 

Sulfide 

204S 

.1213 

.1133 

.1236 

1150 

.1119 

.1001 

1740 

Polysulfide 

0007 

0225 

.0217 

.0210 

0203 

0210 

.0217 

0019 

Thiosulfate 

0063 

.1124 

.1266 

1313 

1376 

1541 

.1720 

.0312 

Sulfite 

0180 

0146 

0143 

.0118 

0116 

0109 

0109 

0154 

Sulfate 

ml 

0098 

0065 

0073 

0090 

,0088 

0088 

.0020 

Total S 

2374 

2971 

3024 

3028 

.3059 

.3075 

3100 

2347 

g sulfur dissolved from hide 
Total sulfur by addition 


0597 

0650 

.0654 

.0685 

.0701 

.0726 


2298 

2806 

.2824 

2949 

,2935 

3067 

3135 

2245 

% Recovery 

96 7 

94.5 

93 5 

97.4 

96 0 

99 7 

101 0 

95 6 


Table 65 

(30 g dry hide in 300 or 0.2A r NkOH) 



0 hours 

31 

79 

127 

155 

Total gram sulfur dissolved as 

(NaOH alone) 

hours 

hours 

hours 

hours 

Sulfide 


.0121g 

.0075g 

0074g 

0086g 

Polysulfide 


.0042 

.0060 

.0071 

.0080 

Thiosulfate 


.0265 

0393 

0428 

.0459 

Sulfite 


.0094 

.0105 

.0109 

.0109 

Sulfate 


.0049 

0033 

0064 

.0064 

Total 8 

.0008 k 

.0,546 

.0604 

.0659 

.0693 

Sulfur dissolved from hide 


.0538 

.0596 

.0651 

0685 

Total S by addition 


.0571 

.0666 

.0746 

0798 


These data definitely indicate that the sulfide concentration, derived from 
the hair, rises and then decreases; the polysulfide increases to a more or less 
constant value; the thiosulfate increases steadily throughout; and the total 
sulfur abstracted increases continually. 

The results obtained by Theis and Ricker thus indicate that the mechanism 
of the reaction between the various sulfides would be the action of the SH 7 
ion upon cystine linkages, breaking them and, perhaps, rebuilding a different 
type of linkage and forming also a polysulfide: 

It—S—S—R + 2NaHS 2RSI4 + Na s S* 

—CHr-S-S-CH,- -* —CH a -S—CH* + S 

The formation of polysulfides causes the unhairing solution to become 
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Figure 42, Showing dissolved sulfur from an unhamng solution 
containing lime and sodium sulfhydrate. 
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Figure 43. Showing dissolved sulfur distribution hom unhniriuc liquor 
containing sodium hydroxide and sodium sulfhydrate. 



Figure 44. Showing sulfur dissolved from skin during treatment with 
sodium hydroxide and sodium sulfhydrate. 
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yellow. There is probably a reaction between sulfur or polysulfide and the 
sulfite formed: 

Na*H* + Na*8(>a ~>Na 4 S+ NaAOs 
S -f- Na^HOs Na 4 K/( 


In a practical way, the suggested mechanism is borne out by the unhairing 
solution having a yellow color, by its low and constant values of polysulfide 
and sulfite ion, and by ever-increasing amounts of thiosulfate. The data 
shown by Theis and Ricker definitely indicate that the added sulfide or 
sulfhydrate is not simply and directly oxidized to thiosulfate but goes through 
a series of reactions before being completely oxidized to thiosulfate. These 
same data indicate that thiosulfate formation is important, and may be the 
end product of the oxidation of the sulfur compounds during depilation. 

Vago, 60 in 1937, discussed the liming of skins and the immunization of hair 
fibers by alkali. In this work he discussed the principle of the two-bath 
method of liming: namely, the use of a neutral or weakly alkaline bath of 
hydrosulfide and then a bath containing lime or other alkali. Re further 
points out that by washing in between these two baths, weak alkali sulfide 
is formed in the hair pockets, thus weakening and destroying the hair roots 
but not the actual hair itself. Vago also suggested that treatment by lirno 
solution before sulfide addition immunized the hair to attack by sulfide. 
This fact has been recognized by the leather chemist over a long period. Vago 
maintains that immunization occurs in solution of pH 12.0 and thus depends 
upon pll value, temperature and time. It is thought that in immunization 
the disulfide cross-linkages are broken: 

RCIl,- S—S -lt/tU HfUnOH a - SH + ROH,-SOTI 

The sulfenic acid, being unstable, tends to decompose: RCII 2 SOH —> 
TI 2 S -t- R('HO. Thus in order to produce immunization, new cross-linkages 
must be formed, probably by the reaction of the sulfenic acid grouping with 
the amino groups of lysine and arginine 

—CHjSoH + tbN->- -CH 2 K— Nil + HjO 

Or possibly the aldehyde groupings, produced by decomposition of the 
sulfonic acid, may react as follows: 

R—0T!0 + TT z N—R — H—OH -N—R+H,0 
It- CHfM IIS—K R- CHOH-S-R 


Although this hypothesis is consistent with the loss of half the sulfur, it 
fails to explain certain other observed facts when applied to alkali-treated 
wool keratin, namely, a weak fiber and high alkali-solubility. Thus the 
immunization of the hair may be brought about by the formation of the 
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—CH 2 —S—CH*—linkage, as postulated by Horn, Jones and Ringel. Immuni¬ 
zation will be discussed elsewhere in this chapter. 

In 1933 Moore 34 investigated the accelerating effects of various metallic 
sulfides on the unhairing of hides and skins. His data are shown in Tables 
66 and 67. Moore's data indicate that unhairing is accelerated by the addi¬ 
tion to lime suspensions of arsenic disulfide, arsenious sulfide, stannic sulfide, 
the sulfides of lithium, sodium, potassium, cesium, aluminum, magnesium, 
calcium, strontium, and barium. 


Table 66. Some Sulfides which Accelerate the Unhairiug of Steer Hide by Calcium 

Hydroxide Suspensions 

,-Concentration-- 




Millimoles 

Mg per 

Apparent action 

Substance 

Formula 

per liter 

100 oc 

on the hnu 

Lithium sulfide 

LiijS 

6.4 

29 

none 



19.2 

87 

marked 

Sodium sulfide 

Na s S 

6.4 

50 

none 



19.2 

150 

marked 

Potassium sulfide 

K*S 

6.4 

71 

none 



19.2 

213 

marked 

Cesium sulfide 

Cs-iS 

6 4 

190 

none 



19.2 

570 

marked 

Magnesium sulfide* 

MgS 

6.4 

36 

none 


19.2 

108 

marked 

Calcium sulfide* 

CaS 

6.4 

46 

none 



19.2 

138 

none 

Strontium sulfide* 

SrS 

6.4 

76 

none 



19.2 

228 

marked 

Barium sulfide* 

BaS 

6.4 

108 

none 



19.2 

324 

marked 

Aluminum sulfide* 

A1.S, 

6.4 

96 

marked 



19.2 

288 

very marked 
hide stained green 

Arsenic disulfide (realgar, 

A 3*82 

6.4 

137 

none to marked 

red arsenic) 


19.2 

411 

marked to very 
marked 

Arsenious sulfide (orpiment) 

As 2 S# 

6.4 

158 

none to moderate 


19.2 

474 

marked to very 
marked 


Stannic sulfide 

8 nS» 

6.4 

117 

none, accelerated 
inconsistently 



19 2 

351 


none 

♦Impure preparations The concentrations given are those of the pure substance 


Table 67. Some Sulfides which do not Accelerate the Unhairing of Steer Hide by 
Calcium Hydroxide Suspensions 


(Each sulfide tested in concentrations of 6.4, 19 2 and 57.6 millimoles per liter.) 


Substance 

Formula 

Unhairiug 

Htttznfi 


Cuprous sulfide 

CujS 

slightly 

retarded 

brown and purple in 
concentrations 

high 

Cupric sulfide 

CuS 

slightly 

retarded 

brown and purple in 
concentrations 

high 

Silver sulfide 

Ag 2 S 

unaffected 

none 


Zinc sulfide 

ZnS 

unaffected 

none 
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KubaUtunc 

Cadmium sulfide 
Mercuric sulfide (red) 
Mercuric sulfide (black) 
Thallous sulfide 

Stannous sulfide 
Lead sulfide 
Arsenic pentasulfide 
Antimony trisulfide 
Antimony pentasulfide 
Bismuth sulfide 
Molybdenum trisulfide 
Molybdenum pentasulfide 
Tungsten trisulfide 
Manganous sulfide 
Manganic sulfide 
Ferrous sulfide 
Ferric sulfide 
t /obaltous sulfide 
Nickel sulfide 


'Fable 67 .—Continued 


Formula. 

Unhairing 

Stain* 

OdS 

unaffected 

none 

HgS 

unaffected 

none 

HgS 

unaffected 

none 

ThS 

retarded 

2 to 4 days 

black 

8 nS 

unaffected 

none 

PbS 

unaffected 

black in high concentrations 

As 2 S 6 

unaffected 

none 

Bb& 

unaffected 

none 

Sb*S 6 

unaffected 

none 

Bi s S a 

unaffected 

dark interior 

Mo 8 3 

unaffected 

orange 

MoaSs 

unaffected 

orange 

ws, 

unaffected 

none 

MnS 

unaffected 

none 

MnSg 

unaffected 

none 

FeS 

unaffected 

none 

h 02 S 3 

uuaftceted 

brown interior 

C 08 

unaffected 

none 

NiS 

unaffected 

none 


Moore also investigated the effect upon unhairing of various added nitro¬ 
gen compounds. In this study, he found that the following compounds 
accelerated unhairing: methylamine, ethylamine, dimethylamine, ethanol- 
amine, ethylenediamine, hydroxylamine, hydrazine, guanidine tetramethyl 
ammonium hydroxide and piperidine. 

In 1937 and 1938, Windus and Turley 52 made a comprehensive study of 
the unhairing effect of various mcrcaptans. The results of their investigation 
are shown in Tables 08, 09, and 70. Windus and Turley suggest that the 
action of the mcrcaptans is purely chemical, since there appears to be a definite 
relationship between the amount of mercaptans used and the degree of hair 
attack. These investigators postulate that the variation in the activity of 
the homologous mercaptans appears to depend upon the structure of the 
molecule. Table 71 indicates that the activity decreases and finally dis¬ 
appears according as the compound is aliphatic, alicyclic, or aromatic. 

Table 68 . The Unhairing Effect of Ethyl Mercaptan in the Presence of Lime 

(Domestic Calf skin). 

Strength 


Experiment 

Mercaptan 

(%) 

of eolation 
(%) 

Molarily 

Remark e 

1 

0.1 

0.02 

0.0032 

Poor hair slip in 2 days. Good hair. 
Somewhat better than lime alone. 

2 

0.5 

0.10 

0.016 

Good hair loosening in 2 days. No hair 
damage. 

3 

1.0 

0.20 

0.032 

Satisfactory hair slip in 2 days. Very 
little hair damage. 

4 

1.5 

0.30 

0.048 

Hair pulped in 4 hours. Hair becomes 
very loose. 

5 

2.0 

0.40 

0.064 

More profound hair damage than in 4. 
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Table 69. Comparison of the Unhairing Action of Chemically Equivalent Quantities of the 
Lower Aliphatic Mereaptans (Domestic Calf skin). 


Exprri- 

lUDUt 

Substance IVr cent 

Strength 
of Solution 

(%) Molarity 

Result 

1 

Ethyl Mercaptan 1.00 

0.20 0.032 

Fairly satisfactory hair slip 
in 2 days 

2 

Propyl > 1.26 

0.25 0.032 

Better hair slip than in 1. 

3 

Butyl * 1.45 

0.29 0,032 

Excellent hair slip in 2 days. 
Most active of series. 

4 

Amyl » 1.70 

0.34 0.032 

About same effect as in 2. 

Table 70. Some Organic Thiol (—SH) Compounds which Accelerate Unlmirihg. 


Type 

Substance 

Formal#. 

Mereaptans Aliphatic Primary 

Methyl mercaptan 

CflsSH ' 


Aliphatic Primal y 

Ethyl mercaptan 

C 2 IUHH 


Aliphatic Primary 

Propyl mercaptan 

C.UtSH 


Aliphatic Primary^ 

Butyl mercaptan 

CMftSlf 


Aliphatic Pi unary 

Amyl mercaptan 

C,H a SH 


Aliphatic Primary 

re-Hexyl mercaptan 

CVIiaSH 


Aliphatic Primary 

Decyl mercaptan 

C 10 H m SH 


Aliphatic Primary 

Cetyl mercaptan 

CwU.iBH 


Aliphatic Primary 

Dithioethylene glycol 

CH,SH 

OlIaSH 


Aliphatic Secondary 

Sec .-hexyl mercaptan 

C.Hik 

>OH S1I 

CH/ 


Aliphatic Tertiary 

T(rt .-butyl mercaptan 

Clh\ 

OH/C Sil 

C'Hj/ 


Alley die 

Cyclohexyl mercaptan 

II CRH 

/\ 

Oils OH» 


CH, ch 2 

X/ 


Aralkyl 

Benzyl mercaptan 

/ X OH s STI 



X 

Heterocyclic 

Furfuryl mercaptan 

CH—-OH 

11 || 



CH C OH* SH 

Y 

Modified Acid 

Thioglycollic acid 

SH OTI 2 COOH 

Modified Amino acid 

Cysteine hydrochloride 
Glutathione (reduced 
form) 

SH ( 'II 2 OHNH 2 OOOH hoi 

Modified Peptide 

Butyl carbinol 
mercaptan 

SH •OHjCH.OCHjOHjOCJI. 
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Table 7Continued 


' *. - Type 

Mercaptide Aliphatic ^Primary 


Aralkyl 


Substauce 

Soditfm butyl 
mercaptide 

Calcium butyl 
mercaptide 

ftodium benzyl 
mercaptide 


Formula 


OJLSNa 

tC 4 H*S)«Ca 


C«H 6 CH 2 8Ntt 


n-ITeKyi mercaptan 
*SV.-hexyl mercaptan 


Cyclohexyl mercaptan 


Phenyl mercaptan 


Table 71 

CIi ;i CT{ 2 CH 2 CH 2 CH a OH 2 SH 

CHsCHsCHsCST, 

S CHSH 

<5u, 

oh,~<;h, 

/ V 

CHv N CHSH 

\ / 

CHr- €H 2 

CH-=CH 
/ \ 

CH ('811 

\ /' 

CH—CH 


very active 
very active 


slightly active 


inactive 


Windus and Turley state that the outstanding property of the mercaptans 
is their ease of oxidation to a disulfide, and that this property is responsible 
for the unhairing activity. These investigators further point out that all 
amines containing an aromatic group in the molecule are negative in their 
unhairing action, whereas in the case of mercaptans the thiol or SH group 
must be attached directly to the aromatic nucleus for the compound to be 
inactive, They state that the action of the aromatic mercaptans appears to 
be a significant exception to the Merrill-Marriott hypothesis of unhairing, 
and that any satisfactory mechanism of un hairing will of necessity have to 
take into account the action of the different unhairing reagents used today. 

In 1938 Windus and Turley 52 made a quantitative study of the unhairing 
action of the mercaptans. For this study they used benzyl mercaptan and 
p-thiocresol. Their experimental formula was: 

('alf skin 60 grams 100% 

Water 300 ml 500% 

Lime 6 grams 10% 

or Caustic soda 1.2 grams 2% 

Mercaptan 0.6 grams 1 % 

Temperature 70-75 F 

Since the mercaptans are easily oxidized by air in alkaline solution, a nitrogen 
atmosphere was used. They found that after two days, the skin treated 
with benzyl mercaptan in lime or caustic soda unhaired readily, with little 
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or no action on the hair. On the other hand, skin treated with p-thiocresol 
showed only slight hair loosening but no real hair slip. Since these investi¬ 
gators were interested in proving the reduction theory of unhairing, they 
investigated the change of the SH group to that; of the S group. Their 
findings in this regard are shown in Table 72. 


Table 72 


Compound 

Amount of 
mercaptan 
used 
(grams) 

/-“Disulfide isolated-' 
With¬ 
out With 

skin akin 

w»ti! 

out 

skin 

o Oxidation—% 

With 

skin 

Benzyl mercaptan CHjSH 

with lime (10%) 

0.6 

0.02 

0.44 

3 

73 

with caustic soda (4%) 

1.5 

0.03 

1.16 

2 

77 

with caustic soda (2%) 

0.6 

0.008 

0.48 

1 

80 

/>-Thiocresol 

with lime (10%) 
with caustic soda (4%) 

0.6 

0.006 

0.015 

1 

2\ 

0.16 

0.01 

0 02 

2 

3 

It is interesting to note that benzyl mercaptan k 

> oxidized 

to the disulfide in 

the presence of skin, whereas 

p-thiocresol 

is not, 

under the 

given 

conditions. 


Windus and Turley also studied the unhairing action of naphthylmethyl 


mercaptan (Table 73). 


Table 73 



„-With 

Disulfide 

isolated 

skin-—-- 

Per cent 
Oxidation 

Benzyl mercaptan 

with lime 

0.49 

81 


with caustic soda 

0 54 

89 


— Naphthylmethyl mercaptan 

with lime (2 days) 

0.23 

38 


with lime (5 days) 

0.36 

60 


with caustic soda (2 days) 

0.27 

45 


with caustic soda (5 days) 

0.47 

78.5 



Windus and Turley conclude, from their experiments, that one or more 
of the skin or hair proteins is responsible for the oxidation of the aliphatic 
mercaptan, and they suggest that the protein containing the amino acid 
cystine is the one involved. They picture the reaction: 

Ker S 8 -her 4 2(J„H fl CH 2 8H -> 2 Ker 8H + C b H 6 CH 3 --S -HOWAL 

They go on to point out that their study does not concern itself with the 
action of the alkali upon the various other linkages occurring in skin proteins. 

The Cyanide System 

In his comprehensive study of 1928, Marriott discussed the activity of 
sodium cyanide as an unhairing agent and showed that its reaction was 
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comparable to that of sodium sulfide. In 1933, Theis 41 made an extensive 
study dealing with sodium cyanide, and found that cyanide more than equaled 
the unhairing rate of corresponding concentrations of sodium sulfide. In 
1941, Theis and Ricker 48 found that in contrast to the use of the sulfides, the 
addition of cyanides did not change materially the pH value or the dissolved 
lime content of the lime liquors. These data have been given elsewhere in 
this chapter. 

There is little doubt that the alkali cyanides are excellent unhairing 
adjuncts when added to lime liquor. However, they are little used mainly 
because of their poisonous nature. Their use is confined to the production of 
certain types of leather or in conjunction with other unhairing agents. When 
they are used with alkali sulfides or arsenic trisulfide, excellent results are 
obtained, since the cyanide prevents the formation of polysulfides, which in 
turn discolor the hide and white hair This reaction is: 


NaA-t NaON - . Nn*8 + NttCN8 

Since polysulfides do not unhair as efficiently as do sulfides and sulfhydrates, 
such reagents as cyanides or sulfites act to change the former to the more 
active form, and thus give a more “milky” appearance to the lime liquor. 

Immunization 

Tannery practice has shown that if properly soaked skins are first placed 
in contact-with a lime suspension for a few hours, the hair becomes resistant 
or immunized to the sulfide ion. On the other hand, if the soaked skins are 
pretreated with a weak sulfide solution before lime is added, the hair is much 
less resistant to the combined effect of lime alkalinity and sulfide ion. Hirsch 15 
recently discussed the action of alkali on keratin; lie stated that the alkali 
reacts upon the sulfide linkage, changing it to an R -S- R one, and that this 
type of linkage is extremely resistant to strong sulfide solutions. Hirsch 
calls this action of alkali upon the S- 3- linkage “immunization,” and 
claims that it begins at pH 32.0 Vago, in 1937, had postulated the idea of 
immunization by lime and the formation of new cross linkages of the type: 

OH, 80n +li s N— -* “ OIIr-S -HN—+ 11,0 
It—CHO-f II a N—R — R—CH—=NIt + H,0 
RCH<>4 HSR - * RCFTOIl-S-R 

Theis and Blum, 42 in 1942, showed the effect of the pH value of the lime 
liquor upon the immunization of hair. These data will be given in Table 
305. In 1943, Theis and Blum 42 studied this immunization reaction upon 
goat-skin hair. Their experimental procedure was the following: Goat hair 
was clipped from the cured skin before any soaking or liming treatment. 
This hair was then thoroughly washed, degreased by repeated extraction with 
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acetone and alcohol, and then air-dried. The hair so prepared was treated, 
in the right proportion of hair to solution, with the specific unhairing solutions. 
After treatment, the hair was quantitatively collected on a Buchner funnel, 
washed thoroughly, air-dried and finally dried to constant weight at 105° C. 
Thus loss of hair weight caused by any individual treatment might be noted. 
For their studies, Tlieis and Blum used 2 grams of degreased and dried hair, 
200 ml solution, and specific time periods as noted in the tables. After the 
hair was removed and dried, the dried samples were placed in 200 ml of 0.1 A 
sodium hydroxide solution maintained at 65° C for one hour. These samples 
were then again collected, washed and dried to constant weight. This second 
loss of hair weight is known as alkali-solubility. 

Theis and Blum investigated the effect of lime, sulfide and cyanide pre¬ 
treatment upon the hair and obtained the data shown in Tables 74, 75, 70, 
and 77. 

Table 74. Effort of lame Pretreatment. 


Na*S added 

Final 

pH 

Hair lo.se 
during treatment 

(7c) 

Alkali Holuluht y 
treated hair 

(%) 

Sulfur in 
t rented 
hair (%) 

0.00 

12.58 

5.37 

5.0 

1.68 

0.05 

12.60 

5.83 

4.6 

2 03 

0.13 

12.60 

5.70 

6.6 

1.08 

0.25 

12.62 

6.43 

6 6 

1.90 

0.50 

12.72 

0.70 

7.8 

2.16 

Ja (HS) 3 added 

0.13 

12.50 

5.20 

5.7 

1.07 

0.25 

12.41 

0 00 

7.5 

1.05 

0.50 

12.40 

7.47 

8.3 

2.02 


All samples pretreated with a lime suspension for 48 hours. 

Na 2 S added (gms/100 ml solution) to lime suspension and in contact with hair for an 
additional 72 hours. 


Table 75 Effect of Na 2 S Pretreatment 


N»iS used 

Final 

pH 

Hair lose 
during treatment 
(%) 

Alkali solubility 
treated hair 

(%) 

Sulfur m 
treat oil 
Hair (%) 

0.00 

12.58 

6,40 

4.80 

1.68 

0.05 

12.70 


6.30 

2.17 

0.13 

12.77 

7.40 

9.00 

2.12 

0.25 

12.90 

59.10 

100.00 


0.50 

12.96 

100.00 




Samples pretreated in sulfide solutions noted for 48 hours. After sulfide treatment, 
Ca(OH)* was added direct to sulfide solutions and treatment continued for an additional 
72 hours. 


Table 74 shows that moderate additions of sodium sulfide have but 
little effect upon hair previously treated with a lime suspension. On the 
other hand, hair pretreated with even comparatively small amounts of 
sulfide shows great loss in substance when subsequently treated with a lime 
suspension. This loss may amount to 50-100 per cent, as shown in Table 75. 
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Table 76. Effect of Lime Pretreairaent. 


KON added 

Final 

Hair gain or lose 
during treatment 

Sulfur in 
treated hair 

pH 

(%) 

<%) 

0.00 

12.58 

-4.20 

2.07 

0.05 

12.65 

-3.33 

1.70 

0.13 

12.76 

- 3.73 

1.68 

0.25 

12.83 

- 4.80 

1.67 

0.50 

12.85 

-4.93 

1.70 


Ail samples treated with a lime suspension for 48 hours. 

KON added (gms/100 ml suspension) io lime suspension and added 48 hours and then 
in contact with hair for an additional 72 hours. 


Table 77. Effect, of Cyanide Pretreatment. 


KON Dilded 

Fmal 

pH 

Hair gain or loss 
during treatment 

(%) 

Sulfur in 
treated hair 

<%) 

0.00 

12.58 

-4.20 

2.07 

0.05 

12.65 

-3.73 

2.08 

0.13 

12.78 

-8.17 

1.94 

0 25 

12.87 

- 14.40 

1.95 

0.50 

12 89 

- 21.00 

3.56 


Treated ith respective cyanide solutions (cms per 100 mi solution) for 48 hours 
before addit ion of hydrated lime for additional 72 hours. 


While cyanide is a considerably better unhairing agent than sulfide, it 
also causes much less loss in actual hair substance> as can readily be seen from 
Tables 70 and 77. It acts in a manner similar to sulfide with respect to the 
immunization reaction. 

The Acid-Base Binding Capacity of Limed Skin 

Previously, it has been shown that the skin proteins bind alkali during the 
liming operation, forming sodium and calcium proteinates in direct relation 
to the hydrogen-ion concentration of the unhairing bath. In Chapter 4, 
the acid-base binding power of collagen was discussed in some detail. 

In 1941, Theis and Jacoby 43 made a preliminary study of the titration 
curves of limed skin and found that prolonged liming tended to shift the 
isoionic point of the collagen to a more acid point. In this work, however, 
Theis and Jacoby made use of the potentiometric method for determining 
the amount of acid or base fixed. Theis and Jacoby, 45 in 1942, made a more 
comprehensive study along these lines, making use of the pressing technique 
and their potassium iodide-iodate method for estimating the H f or ()H“ 
bound by the protein. Their experimental procedure was as follows: 

Goat skins, soaked for 2 days in cool water, were placed in a calcium 
hydroxide suspension for periods ranging from 1 to 15 days. At the expira¬ 
tion of a given period, the limed skin was removed, unhaired, washed, treated 
with acetic acid solution, and again washed. The washed skin was then 
dehydrated, using several changes of acetone and alcohol. The skin was then 
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cut into pieces 0,5 X 1.5 inches. These were used for the acid-base fixation 
curves. 

One-gram pieces of the skin thus prepared were placed in acidic or basic 
solutions varying between pH 0.5 and 13.0’ The solutions were 0.1 iV with 
respect to KOI and were rendered acidic or basic with HC1 and NaOH, 
respectively. Seventy-two hours was allowed for equilibrium to establish 
itself. The equilibrium pH value was then measured by means of a Beckman 
glass electrode assembly, using the regular glass electrode for pH values from 
0,5 to 9.0 and the special alkaline glass electrode from pH 9.0 to 13.0. The 
skin pieces were then thoroughly pressed at 5000 pounds per square inch 
until practically dry; they were then air-dried and ground to a fine powder 
for analysis. The methods for determining fixed acid or base and nitrogen 
have already been described in detail. 

Figure 45 shows the complete titration curves for the limed goat skin- 
collagen. These curves may be interpreted as follows: 

(1) The isoelectric point definitely shifts from pH 7.0 for the one-day liming period 
to pH 5.8 for the 15-day period. The greatest individual shift is from the 3- to the 5-day 
liming period. This shift of the isoelectric point might he accounted for by any one or a 
combination of three reasons: (a) an increase m strength of the active) carboxyl groups 
without formation of additional acid groups; (b> the formation of additional acid groups 
by simplification of the protem-alkalme hydrolysis of the collagen; and (c) the breakdown 
of acid amid groups into active carboxyl groups and ammonia: 

— (X)N T H,+ H,<> > - COOH + NH*. 

(2) The maximum acid fixation at. pH 1.0 increases for the jieriod of liming This 
increase of acid binding may be due fa) to development of additional basic groups through 
the previous alkaline hydrolysis, or 00 to a greater ease of hydrolysis (caused by the pre¬ 
vious alkaline treatment) at pH values less than 3.0. Since it has been found that long 
contact with calcium hydroxide decreases the content of arginine, lysine and histidine, it 
must be therefore assumed that other basic groups are formed to more than compensate 
for the decrease in basic ammo-acid groups. 

(3) At pH values greater than 5.5 the various curves are shifted to the more acid 
region. There is every indication ol a greater base-binding as the period of liming increases. 
At pH 12.5, the longer liming period has definitely increased the maximum base-fixation 
value. Such facts would seem to indicate < iu some protein simplification and the actual 
development of additional acid groups, or (b) the opening up of acid-amide groups as pos¬ 
tulated earlier. 

(4) In the pH range 6.0 to 9 5, all 6 curves show a plateau. As indicated, the base- 
fixation also increases with the increased lime period. 

(5) Increased period of contact with the alkaline calcium hydroxide causes (a) in¬ 
creased acid-binding, (h) increased base-landing, and (c) a more acid isoelectric point. 

(6) While these data seem of only theoretical inteiest, they are of practical impor¬ 
tance to the tanner and gelatin manufacturer in that the changes caused by the liming opera¬ 
tion must of necessity influence the subsequent, bating, pickling and tanning reactions 

Since the liming process had such a pronounced effect upon the acid-base 
fixing power of collagen, Theis and Jacoby investigated the effect of prolonged 
liming of goat and calf hair. This hair, obtained by clipping the hair from 
the cured skins, was well washed in running water and then thoroughly 
extracted with acetone, alcohol and ether, after which it was air-dried. 
Portions of this hair were then treated with a calcium hydroxide suspension 
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Figure 45. The effect of liming period upon acid-base binding power of animal skin collagen 
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Figure 46. The acid-base binding of goat hair. 
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for 5 days. The treated hair was then washed, treated with dilute acetic 
acid, again washed, pressed, and allowed to air-dry. 

One-gram portions of the treated and untreated hair* were placed in 
acidic or basic solutions in the same manner and under the same conditions 
as were described for collagen. The acid or base fixed was determined in the 
same maimer as earlier described. 

Figure 46 shows the titration curves for the treated and untreated goat 
hair, and Figure 47 gives similar results for calf hair. The data indicate: 

(1) Both the calf and goat untreated hair show an isoelectric point at 5.7. The treated 
hair, on the other hand, shows an approximate isoelectric point at 5.9, indicating that the 
alkaline treatment of the hair has shifted this point to the more alkaline region. Such a 
shift might indicate (a) development of stronger basic groups, or (b) activity of the sulf- 
hydryl groups coming into being because of the reduction of the —S—~8— type of protein 
linkage. 

(2) The untreated hair of both types tends to show a maximum acid fixation of some 
0.82-0.85 milliequivaleni acid fixed per gram of hair substance and a maximum base binding 
of some 0.80 milhequivalent per gram of hair substance. 

(3) The treated hair shows a greater capacity for binding both acid or base over the 
entire pH range studied. It is quite possible that in the alkaline treatment of the hair, 
additional acidic and basic groups are formed, R-S—8 —R —* R—811 + R—SOU, and 
the R—8011 may then change to R—8011 R- CHO-fHjS. It has been shown by 
Theis and Blum that hair treated with a lime suspension gives a positive test for sulf hydryl 
and aldehyde groups. 

The liming process undoubtedly brings about very important changes in 
the collagen and keratin molecules, as pointed out by Wilson; the lime liquors 
attack and undoubtedly break up some of the cross linkages which hold the 
molecule backbones together. Wilson 51 has pointed out that microscopic 
examinations of calf skin, subjected to long liming with pure white lime, 
showed that though the disintegrating action is slow, there is a real and definite 
action, which tends to break down the protein structure. It can therefore' be 
postulated that the liming action tends to disrupt the backbone cross linkages. 

CO HN ->COOH + lbN 

liberating, and thus increasing, the number of free carboxyl and amino groups 
and at the same time bringing about a certain weakening of the collagen mole¬ 
cule itself. The titration curves shown in Figure 45 definitely indicate that 
both the acid- and base-binding capacity of the collagen is increased by the 
liming operation, and thus are in accord with the above statements. 

In the case of the hair keratins, there is still an additional effect, namely 
the breakdown of the S — S--- linkage of cystine to a probable ~SH linkage. 
It is well known that excess sulfides or excess caustic alkali bring about 
complete weakening of the keratin molecule. 

The Chemical Action Due to Liming 

Tanning literature abounds with the statement that one of the main 
functions of a lime liquor is the saponification of the hide fat into lime soap. 
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From a purely chemical viewpoint, t his statement is rather difficult of accept¬ 
ance, because lime soaps are formed slowly in the cold, and once formed, they 
are a dry and amorphous or sticky mass and have little or no diffusing power. 
McLaughlin and Theis, 28 in 1925, made a study of the action of various lime 
liquors upon the saponification of animal-skin fat. For this investigation, 
they extracted the lipid material from some ten Domestic hides. The fat 
so extracted was thoroughly mixed before use. Equivalents of the fat and 
Ca(OH )2 solution were agitated twice daily at 20° C for 5 days and the 
saponification rates determined. Solutions of Ca(OH )2 and Na^S were also 
employed in another series of experiments. Their data arc shown in Table 78. 


Table 78 


Hours 

Straight 

ru(OH), 

H) 17, 

NttsS 

- TVr rent 
4 0 2',; 
NftvS 

Hitpomht at ion 

NhjS 

4 o o% 

NaaS 

4-1.0% 

NaaS 

1 

4.0 

13.3 

13.3 

15.6 

16.7 

16.7 

2 

40 

4.4 

5.0 

5 6 

6.7 

12.8 

6 

4.0 

4,4 

5 0 

5.6 

6.7 

7.2 

24 

5 0 

4.4 

5 0 

5 6 

6 7 

7.2 

48 

3 0 

4 4 

5 0 

5 6 

6 7 

7.2 

72 

2 0 

44 

5.0 

5 6 

6.7 

7.2 

96 

2 0 

4 4 

5.0 

5.6 

6.7 

72 

120 

2 0 

44 

5 0 

5 6 

6 7 

7.2 

Total 

26 0 

14 1 

48 3 

54.8 

63 6 

72.7 


These data indicate only about 20 per cent saponification in 120 hours 
by Ca(OH )2 and some 73 per cent by strong NaaS —Ca(OII )2 solution. It 
further appears that mixtures of Na^S Ca(()H) 2 saponify the skin fat in 
some direct relation to the proportion of Na»S present in the unhairing liquor. 
In 1920, McLaughlin and Theis 80 made a further study of skin-fat saponifica¬ 
tion, but in these experiments they used small hide cubes and allowed the 
saponification to occur within the skin structure- more nearly parallel to 
actual processing conditions. They determined degree of saponification by 
assuming that the soap so formed was no longer soluble in ordinary fat sol¬ 
vents. These investigators found little or no action by lime water, but if 
the saturated lime solution contained excess solid Ca(OH )2 saponification 
occurred. Their data (Tables 79 to 83) indicate that there must be an excess 
of alkali present for saponification to occur - that is, an excess over that 
necessary to satisfy the combining capacity of the protein itself. It is 
also apparent that weak sodium hydroxide possesses no greater action 
on the fat of the skin than does ordinary Oa(()H) 2 , despite its well known 
power of more rapid action on the extracted fat. This phenomenon may be 
associated with the fact that its swelling action on the skin proteins is much 
greater than that of lime and the compressed condition of the swollen skin 
retards its saponifying action. 
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Table 80 





% Fat left in 



Treatment 



treated hide 

% Saponification 

Control 



2.10 



A7100 NaOH, not renewed 



2.02 


4 

Nl 100 NaOH, renewed 



1.91 


9 

N/20 NaOH, not renewed 



1.93 


8 

A 7 /20 NaOH, renewed 



1.58 


25 



Table 81 




V 1 

^_j 


___o,___ 



4 Jays soaked 

% Fat 


% Fat 

% Fat 

^_ ^ 


left in 

% 

left in % 

left in 

% 


treated 

Saponi¬ 

treated Sapom- 

treated 

Saponi¬ 


hide 

fication 

bide fication 

hide 

fication 

Control (no treatment) 

1.86 


2.09 

1.38 


iV/100 NaOH 

2.15 


2.02 3 

1.35 

2 

A T /20 NaOH 

1.92 


1.93 8 

1.12 

19 

A710 NaOH 

1.97 

# # 

1.58 25 

1.11 

20 

N/2 NaOH 

1.21 

35 

1.19 43 

digested 

• • 

Sat. Ca(OH)*+6% 






excess 

1.73 

7 


0.94 

32 


Table 82 



Treatment 

(Control (no treatment) 

% Fat. left in 
limed hide 

2.03 

Saponification 

Lime solution not remewed during 5 days 

1.82 

10.50 

Lime solution (without excess lime) renewed each day 
for 5 days 

1.53 

25.00 

Lime solution not renewed during 5 days but containing 
6% excess, solid Ca{011) 2 

1.33 

35.00 

Table 83 



Treatment 

Control (no treatment) 

Ca(OH) 2 (no excess) 24 hours 

Ca(OH) 2 4*6% excess 24 hours 

% hat left in 
limed hide 

2.03 

2.03 

3.69 

% 

Saponification 

00.00 

00.00 

17.00 


Koppenhoofor 17 later made a comprehensive investigation of the lipids 
of various types of skin and in this study investigated the effect of various 
unhairing liquors on the lipids of steer hide. For the work in hand, Koppen- 
hoefer used a heavy Colorado steer hide which had been cured for about 40 
days. The hair was clipped short and cut into 3-inch strips. These strips 
were soaked in distilled water for 24 hours at 20° 0 and then placed in the 
respective unhairing solution for the prescribed liming period. The strips 
were then unhaired and the subcutaneous fat and flesh tissue removed. 
Koppenhoefer separated the grain from the corium and thus investigated 
the lipid content of both layers. 
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The first investigation dealt with plain liming, i.e no unhairing aid was 
used. Regarding this study, Koppenhoefer points out the following pertinent 
facts: (a) no change in the quantity of total corium lipid resulted during liming 
with straight lime; (b) liming does not- effect either the saponification or the 
removal of the corium triglycerides; (c) liming causes complete neturalization 
of the free fatty acids of both the corium and epidermal layers; (d) the 
phospholipid fraction is completely saponified; (e) calcium soaps are formed 
during straight liming. 

In his study of the effect of sulfide-lime liquors on hide lipids, Koppen¬ 
hoefer obtained very interesting data, in good agreement with the earlier 
work of McLaughlin and Theis. The data obtained by Koppenhoefer are 
shown in the following tables and figures. 


Table 84. Summary of Lipul Distribution: Corium Lipids. 

Cured hide Limed hide 


Dry, ash-fiee weight (gm) 

1408. 

16(H). 

Weight lipid (gm) 

41 73 

41.88 

Per cent of dry weight 

2.90 

2.62 

Lipid phosphorus (mg/kg dry column 

Cholesterol (gm/kg dry corium) 

34.5 

9.06 

0.76 

0.78 

Free fatty acid (gm/kg dry corium) 

1.87 

0.09 

Soap (as fatty acid) (gm/kg dry eonum) 

0.0 

3.15 

Triglyceride (gm/kg dry corium) 

25.2 

19.8 


Table 85. Summary of Lipid Distribution* Epidermal Lipids. 


•—-- - Limed — *■ 



Cured 

Based on 
cured weight 

Bused on 
limed weigi 

Dry, ash-free weight (gm)* 

401. 

455 * 

278. 

Weight lipid (gm) 

26.9 

9.12 

9 12 

Per cent of dry weight 

6.71 

2.01 

3.29 

Lipid phosphorus (mg/kg dry material) 

186.5 

17.2 

28.1 

Cholesterol (gm/kg dry material) 

8.11 

3.58 

5.80 

Cholesterol (as ester) (gm/kg dry material) 

3.86 

0.95 

1.55 

Free fatty acid (gm/kg dry material) 

8 80 

0 07 

0 11 

Soap (as fatty acid) (gm/kg dry material» 

0.0 

5 67 

9.28 

Wax (gm/kg dry material) 

25.7 

1.58 

2.60 


* For comparative purposes, this dry, ash-free weight of epidermal material was calcu¬ 
lated from the weight of limed corium obtained. This was accomplished by multiplying 
the limed weight of corium by the ratio of epidermal to corium weights obtained by actual 
separation of the cured hide into these divisions. 


Table 86. Summary of Lipid Distribution: 

Scud Lipids. 

-- ~ Limed- 

Brisod on 
cured weight 

Based on 
Juried weigh 

Dry, ash-free weight (gm) 

455. 

171. 

Weight lipid (gm) 

16.55 

16.55 

Per cent of dry weight 

3.64 

9.68 

Lipid phosphorus (mg/kg dry material) 

0.0 

0.0 

Clxolesterof (gm/kg dry material) 

4.05 

10.76 

Cholesterol (as ester) (gm/kg dry material) 

2.20 

5.85 

Free fatty acid (gin/leg dry material) 

1.03 

2.75 

Soap (as acid) (gm/kg dry material) 

10.87 

28.9 

Wax (gm/kg dry material) 

6.28 

16.7 
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Table 87. Effect of Sodium Sulfide Concentration on the Saponification of Corium 
Triglycerides During the Liming of Heavy Steer Hides. (Liming for 6 days at 20° C) 


Gms NasS per 100 gms 
of fresh steer hide 

Mg soap (as stearic acid) 
formed in corium per 100 
grams fresh steer hide 

% of total saponifiable 
corium lipid actually 
saponified 

Hide A: Average lipid content, 1.14% of dry corium weight. 


0.0 

27.4 

13.7 

0.2 

35.7 

23.5 

0.6 

24.2 

18.7 

1.0 

36.8 

22.4 

1.6 

74.8 

38 3 

2.4 

89.0 

50.2 

3.6 


48.7 

4.8 

186. 

56.8 

8.0 

252. 

79.9 

12.0 

259. 

88.0 

Hide R: Average lipid content, 2.76% of dry corium weight. 


0.0 

75.1 

11.8 

0.2 

78.5 

11.8 

0.6 

73.1 

33.8 

L0 

65.6 

14.3 

1.6 

94.4 

15.6 

2.4 

173. 

20.1 

3.6 

200. 

19.5 

4.8 

138. 

31.2 

8.0 

348. 

46.7 

12.0 

442. 

76.9 

Hide 0: Average lipid content, 8 42% of dry corium weight. 


0.0 

45.4 

2.10 

0.2 

no. 

2.41 

0.4 

145. 

1 90 

0,6 

140. 

2.47 

1.0 

189. 

0.72 

1.6 

213. 

8.52 


'Table 88. Effect of Time on the Saponification of Conum Triglycerides during the Liming 
of Heavy Steer Hides. (Liming at 20° C) 


Period of liming (days) 

Mg soap (as stearic acid) 
formed in corium per 100 
gm fresh hide 

% of total saponifiable 
conum lipid actually 
saponified 

A: Liming in straight lime. 

1 

Average lipid content of hide, 4.73%. 
40.0 

3.33 

2 

46.0 

4,46 

4 

60.4 

3.65 

C 

53.8 

3.37 

9 

46.5 

3.58 

16 

55.1 

•.. 
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Table 88 —Continued 


Period of liming (day*) 


Mg soap (as stearic add) % of total saponifiable 

formed in corium per 100 corium lipid actually 

gm fresh hide saponified 


B: Liming in 1.0% sodium sulfide (on fresh hide weight) lime liquors. Average lipid 
content of hide, 2.35%. 


1 56.2 9.06 

2 81.2 15.7 

4 85.5 10.8 

6 ... 14.3 

11 105. 17.8 

14 118. 18.9 


C: Liming in 3.6% sodium sulfide (on fresh hide weight) lime liquors. Average lipid 


content of hide, 2.44%. 

1 77.7 14.2 

2 100.6 17.8 

4 151. * 26.2 

6 200. 24.6 

11 223. 47.3 

14 212. 31.7 


Table 89. Effect of Temperature of Liming upon Saponification of Corium Triglycerides 
During the Liming of Heavy Steer Hides. (Liming for 7 Days.) 


A: 


Ksrature of liming 

Mg soap (as stearic acid! 
formed m corium per 100 
gins fresh hide 

% of total saponifiable 
corium lipid actually 

(°C) 

saponified 

Liming in straight lime liquors, lipid content, 8.36% 

5 36.8 

0.90 

10 

37.4 

1.88 

20 

45.4 

2.10 

30 

55.5 

4.06 


B: 


laming in 0.6% sodium sulfide (on fresh hide weight) lime liquors. Average lipid 
content of hide, 6.13%. 


5 

78.5 


10 

74.1 

4.46 

20 

111. 

5.38 

30 

116.7 

5.68 


C: Liming in 1% sodium sulfide (on fresh hide weight) lime liquors. Average lipid con¬ 


tent of hide, 2.76%. 

5 95.6 22.6 

10 125. 22.7 

20 158. 21.9 

30 ... 38.4 


Koppenhoefer points out, from this extended investigation of the various 
sulfide liming processes upon the lipids of steer hide, the following: (a) saponi¬ 
fication of the corium lipids increases but slowly with sulfide concentration, 
becoming appreciable at very high concentration; (b) the amount of saponi¬ 
fication of the corium lipids increases with lipid concentration, but the actual 
percentage saponification actually decreases; and (c) the amount of saponi¬ 
fication increases with time and moderate increase in temperature has but 
little effect. 
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Figure 48 



Figure 49 
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Figure 50 
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Figure 52 
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In his study of the effect of Pullery processes on the lipids of sheep skins, 
Koppenhoefer gives the data as shown in Tables 90 and 91. 


Table 90. Removal of Lipid from the Sheep Skin During Various Pre-Tanning Procedures. 





Weight of 
Lipid (gm) 


% of 

Procedure 




Total 

Lipid in cured skin 



113.1 


100 0 

Lipid recovered from soak waters 



11.6 


10.2 

Lipid removed during wool pulling 



38.1 


33.7 

Lipid removed from paddle solutions 



5.3 


4,77 

Lipid recovered from lime liquor 



1.5 


1.33 

Lipid remaining in limed skin 



56.6 


50.0 

Table 91. Analyses of Sheep Skin Lipids. 



Summary of the Lipid Distribution in the Corium Division 



Condition of Skin 

Fresh 

Cured 

Sulfided 

Cured 

Limed 

Dry, lipid-free, ash-free weight (gm) 

93.7 

61.2 

76.4 

176. 

142. 

Weight of lipid (gm) 

29.9 

28.9 

45.3 

106.2 

103.2 

% Lipid on dry weight 

31.8 

47.5 

59.3 

60.4 

72.6 

Lipid phosphorus (mg/kg dry material) 

393. 

320. 

9.8 

162. 

0.0 

Total cholesterol (gm/kg dry material) 

5.56 

6.21 

7.32 

4.72 

4.83 

Triglyceride (gm/kg dry material) 

194.3 

403. 

462. 

568. 

658. 

Free fatty acid (gm/kg dry material) 
Soap ^as fatty acid) (gm/kg dry 

7.52 

19.7 

11.5 

3.81 

1.41 

material) 



35.7 


13.8 

Ash (%) 


27.2 

4.27 

22.3 

8.28 


Koppenhoefer noted that the sulfiding of the sheep skin almost com¬ 
pletely removed the phospholipid, and that the cholesterol remained essen¬ 
tially unchanged. This sulfiding treatment resulted in only a slight sapon¬ 
ification of the corium triglycerides and only a partial neutralization of the 
free fatty acids. 

Action on the Proteins 

In addition to their action on the lipids of the hide or skin, the unhairing 
liquors have a distinct and positive action on its protein constituents. It 
has long been known that prolonged liming removes the mucoid fraction, 
but until recently little was known relative to the action of limes upon the 
proteins themselves. In 1941, Theis and Jacoby 44 investigated the action 
of Ca(OH) 2 solutions on the basic amino acid content of collagen. For this 
work, special hide powders were prepared. Steer hide was soaked in cold 
water for 24 hours and then limed in a straight lime liquor for periods ranging 
from 24 to 360 hours. After this period, the limed hide was removed, 
unhaired and carefully fleshed. The white hide was then deliined with an 
acetic acid solution, washed and then thoroughly dehydrated in several 
changes of acetone. After dehydration, the hide was ground in a Wiley 



LIMING AND DEPILATION 


219 


mill. Thin dehydrated material was then analyzed. The data relative to 
the basic amino-acid content are given in Table 92 and Figure 53. 

Table 92 

Molecular Ratio 


Liming Period 

% 

% 

% 

Histidine: Lysine 

(hours) 

Arginine 

Lysine 

Histidine 

Arginine 

24 

7.75 

3.64 

0.43 

1:9:16 

72 

7.14 

2.50 

0.34 

1.8:19 

120 

7.14 

2.50 

0.34 

1:7:19 

240 

7.14 

2.28 

0.33 

1:12:43 

360 

6.52 

1.50 

0.12 

3:13:48 


A careful study of these data shows that all three of the basic amino 
acids, i.e.y arginine, lysine and histidine, are decreased by prolonged liming 
treatment . It appears, however, that lysine and histidine are more drasti¬ 
cally affected than arginine. It further appears that the decrease in basic 
amino acid content is proportional to the liming period. The recent observa¬ 
tion of the change in isoelectric point of collagen, from approximately pH 8 
to pH 5.0, on treat ment with a strong alkali, causes considerable speculation 
regarding the structural changes taking place within the skin during liming. 
Ilighberger and Stocker 14 state that such a shift of the isoelectric point 
toward a lower pH value is probably due to a structural change involving 
either the production of new or stronger acidic groups or some destruction 
of the existing basic groups. Beek and Sookne 3 had previously suggested 
that the many acid amide groups of collagen are broken down by the alkaline 
liming treatment, with formation of active carboxyl groups and free ammonia. 
Braybrooks 6 maintains there are some 29 of these acid amide groups per 
molecule of collagen, and the existence of such groups is widely accepted. 
The hydrolysis of such groups would be in line with the suggestion of Iligh¬ 
berger and Stocker, since the carboxyl groups thus formed would be highly 
acidic. These investigators point out that the shift of the isoelectric point, 
to a lower pH may be due to a breakdown of the strongly basic guanidino 
groups of the arginine residues of the collagen molecule. This particular 
reaction: 

CO mo CO 

HC—(CHt)iNHG(NH)NH*-► IIC— (CH*) 3 NH 2 + CO(NH,)« 

Nil NH 

is known to occur in the action of warm alkali on the free amino acid, but some 
doubt exists as to just how far this reaction occurs in cold lime solution. 
Undoubtedly the reaction takes place to a very limited extent in the cold. 

Ilighberger and Stecker investigated the amounts of urea aud ammonia 
formed by the action of various lime liquors on collagen. Experimentally, 
they placed 1,0-gram portions of collagen in 100-ml quantities of the appro¬ 
priate lime liquor and allowed the reaction to proceed at room temperature. 
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JNlOy3d ^ fV - lN30b Jd G*HD 

Figure 53. The Basic Amino Acid Content Formaldehyde Fixation, Cr a 0 3 Fixation, and 
Isoelectric Points of the 5 Special Limed Hide Powders. 
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The amounts of ammonia and urea were then determined by special methods. 
Their data are shown in Figures 54 and 55. These data definitely indicate 
that only a very small amount of urea, 1.0 milligram per gram collagen, is 
formed in a straight lime over a period of 9 days. However, with increasing 
causticity and with a lengthened period of liming, this value may reach 5.5 
milligrams. Data given in Figure 55 however suggest that a much greater 
amount of ammonia is formed. Highberger,and Stecker state that it appears 



LIMING PERIOD IN DAYS 
Figure 54 

probable that all the acid amide groups have been hydrolyzed. They point 
out that their results indicate that the shift in thedsoelectric point is mainly 
due to the hydrolysis of the acid amide groups, with subsequent formation 
of very acidic carboxyl groups. The data of Theis and Jacoby show that 
about 16 per cent of the arginine is destroyed in the interval between the 
24-hour and the 360-hour liming periods. On the other hand, their data 
show that some 58 per cent of the lysine is destroyed. The maximum acid- 
binding capacity of limed skin increases with increase in the liming period, 
indicative of the formation of additional acid-binding groups. 
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Such data would suggest the formation of additional free amino groups 
in either or both ways (a) the possible breakdown of the polypeptide chain, 
giving both additional basic and acidic groups, or (b) the breakdown of 
certain of the iraino-carboxyl linkages: CO—Nil —> COOH 4- BUN. Such 
reactions would account for the additional acid- and base-binding capacity 
of the limed skin, but would not account for the shift in isoelectric point of 
the collagen. This shift might* occur, however, because of the generation 
of the very acidic carboxyl groups from the acid amide groups destroyed by 



the hydrolysis taking place during a liming process. These additional 
acidic groups would not affect the base-binding capacity of the proteins, 
since they would in all probability be hydrolyzed. There is still a great 
need for further investigation along the lines started by Highberger and 
Stecker. 

Work carried out by Theis and Steinhardt 49 indicated that certain break¬ 
down in the collagen structure occurred during the liming operation. In 
further work, Theis and Blum 49 determined the shrinkage temperature of goat 
skin limed in six different lime liquors and over a period varying from l to 
15 days. These data are shown in Table 93. 
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(days) 

2 

2 3 

5 

10 

15 

Straight lime* 

63.1 

64.3 63.5 

62.3 

58.9 

57.3 

Lime +3% Na*S 

60.2 

60.8 

60.6 

58.5 

55.3 

Lime +0.8% NallS 

63.3 

63.4 64.5 

61 6 

58.9 

56.3 

Lime + 1 % A%Sa 

64.3 

07.3 

63.3 

59.8 

59.0 

Lime +1% (OHahNII 

61.5 

62.3 65.3 

6L0 

60.3 

57.0 

Lime +6% Na,SO, 

58.5 

59.0 59.3 

58.5 

56.0 

56.3 

* 10% solid Ga(OH)i. 

Ratio, hide to liquor, 1 to 4. 





These data show that sodium sulfide and sodium sulfite have the most 
drastic effect upon the shrinkage temperature of the limed skin. In all 
cases, the decrease in structural cohesion forces of the skin is most noticeable 
after a 5-day liming period. With the exception of the arsenic sulfide and 
sodium sulfhydrate, all the unhairing adjuncts listed in Table 93 increase the 
pH value of the lime liquor. Thus it can be stated that the straight lime, 
the sulfhydrate, and arsenic sulfide lime give the best results as far as the 
effect upon the internal structural cohesive forces is concerned. These 
factors have been discussed in detail elsewhere. 

The effects of the specific lime liquor upon the protein constituents of the 
hide or skin are of a very positive nature and should show some characteristic 
effects upon the subsequent processes—bating, pickling, and tanning. So 
far as the authors are a wan', no data exist in the available literature relative 
to such effects upon bating or pickling, but there are some data relative to 
aldehyde tannage. Theis and Jacoby made a preliminary investigation 
along such lines and found that prolonged liming decreases the amount of 
formaldehyde fixed. Later, Theis and Steinhardt 49 studied the aldehyde 
fixation of some 3fi> different specimens of formaldehyde-tanned leather and 
found that the liming period definitely affected the shrinkage temperature 
of the finished leather and the formaldehyde fixation. These data are shown 
in Table 94, Thus it can readily be noted that with increasing liming period, 
the structural cohesive forces are weakened and, in general, the amount of 
formaldehyde fixed decreases. This table also indicates that skin limed 

Table 94 


Limine period (days) 




1 


2 


3 


5 


10 


15 


►S.T.+ 

cinot 

ST 

OflaO 

S.T. 

CllaO 

S.T 

c»*o 

S.T. 

CH*0 

S T 

CHaO 

Straight lime 

90 

3.33 

90 

3.39 

90 

1.37 

89 

1.20 

86 

1.36 

85 

1.34 

Lime +Na a S 

89 

1.05 

88 

1.01 

88 

1.25 

87 

1.06 

85 

L01 

82 

.91 

Lime + NaRS 

i 91 

LOO 

89 

.97 

91 

1.05 

88 

.77 

86 

96 

83 

.81 

Lime + As 2 S 3 

| 89 

.93 

89 

LOO 

90 

.98 

! 89 

.80 

88 

.82 

86 

.80 


* S.T. «■ Shrinkage temperature (° C). 
t Per cent formaldehyde fixed at pll 8. 
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with a straight lime liquor is able to combine with more formaldehyde than 
skin treated with other types of unhairing solutions. Theis and Steinhardt 
studied the chrome tanning of skin limed in various ways and for different 
periods, but were able to find little or no difference in Cr 2 0 3 fixation or in the 
shrinkage temperature of the leather so produced. 

The Effect of pH Value of Unhairing Solutions 

Until 1940, no accurate pH values of unhairing solutions had been 
determined, with the exception of solutions of calcium hydrate alone. The 
hydrogen electrode, while accurate for pure lime water, was not accurate in 
the presence of sulfides. 

In 1933, Atkin, Goldman, and Thompson 2 studied the determination of 
pH values of lime liquors. In this work, they pointed out the inadequacy 
of the hydrogen, quinhydrone and glass electrodes for this important determi¬ 
nation. They showed that since sodium sulfide hydrolyzes freely into sodium 
hydrosulfide and sodium hydroxide, it is rather obvious that the addition 
of sodium sulfide to a lime solution is equivalent to the addition of sodium 
hydroxide in approximately half the quantity. Thus it is apparent that the 
alkali must increase, and if (Ca 4H ) X (OH~~) 2 -= /v, then the calcium ion 
must decrease. From this relation, Atkin, Goldman and Thompson worked 
out a mathematical expression 

pH - 11.05 +■ >] //'a 

for calculating the pH value of lime solutions containing sulfide ion. 

In 1938, Fritsch* attempted to use the glass electrode and came to the 
conclusion that the expression worked out by Atkin, Goldman, and Thompson 
was best suited for this purpose. 

Since 1938, a Beckman glass electrode made* of special glass has been 
designed and built. This electrode has reasonable accuracy up to find 
including pH 13.5, is not affected by sulfide or sulfhydrate ions, and measures 
readily the pH value of all unhairing solutions encountered by the leather 
chemist. Theis and Ricker 46 used this electrode for the determination of 
hundreds of pH values of lime liquors, containing OIF, S“, HS~, CN~, 
S 2 Or, SOr, and other ions often present in unhairing solutions. They 
found the electrode to function rapidly and accurately. Theis and Ricker 
measured the pH value of various unhairing solutions made up in such a‘ 
way as to represent actual tanning conditions; (a) volume ratio liquor to 
skin, 4:1; (b) 10 per cent excess solid lime; and (c) sulfide, sulfhydrate or 
arsenic sulfide calculated on skin weight for these conditions. All measure¬ 
ments were made at room temperature (23°-25° C). Table 95 and Figure 50 
show the pH values obtained with the glass electrode and the calculated 
values obtained through the use of the Atkin, Goldman, and Thompson 
equation. 
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Table 95 


Gram» S“ added to 400 ml 
Itme solution containing 10 

- 

Glass 

— 

-- - NaHS* 
Gians 

— - 

- "NaaSj - 

Glass 


gma solid Oa(OIT)z 

Electrode 

Calc. 

Electrode 

Calc 

Electrode 

Calc. 

0.00 

12.47 

12.46 

12.47 

12 46 

12.47 

12 46 

0.25 

12.54 

12.43 

12.47 


12 50 


0.50 

12.43 

12.41 

12.47 


12.50 


0.75 

12.43 


12.45 


12.52 


1.00 

12.43 

12.38 

12.45 


12.53 


1.50 

12.38 


12.45 


12.57 


2.00 

12.35 

12.32 

12.44 

12.44 

12.60 

12.58 

3.00 

12.32 

12.26 

12.44 

12.44 

12.68 

12.62 


* NaHS containing 70% NaHS. 
t Na*S flake containing 00-02% Na 2 S. 



Figure 56. Showing the pH value* of unhairing solution* containing Oa(()H) 2 with 

Na*S, NallS and A.s 2 S 3 . 


It is usually assumed that the reactions of Na*S, NallS and As 2 S 3 with 
Ca(OH)j are as follows: 

(1) 2Na 2 S + Oa(OH), + 21U) -4XuO[l + ('a(llS) s 

(2) 2NalIS + Ca(OH)j * 2Na()H + Ca(HS), 

(3) AfiaSi + 6C’a(OH). ~*30uS t ( W AsO a } 2 4 6II«0 

Such equations indicate that Na»S yields twice sis much caustic alkali as 
does NaHS. The hydrolysis of these two particular compounds should 
then influence the amount of calcium in solution if [Ca * 1 j x |OH~] 2 = K. 
Since Na*S yields more sodium hydroxide than does the NaHS upon 
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hydrolysis, the amount of dissolved calcium should be drastically decreased 
by the addition of Na 2 S. Such is found to be the case, as shown by Table 
9(> and Figure 57. The addition of NallS up to some 3 per cent, based 
upon skin weight, does not materially affect the pi I value and actually 
increases the solubility of the lime. However, even small and moderate 
additions of sodium sulfide markedly affect both the pH value and lime 
solubility. Many manufacturers of calf and kid heathers maintain that 
they obtain better leathers by using arsenic sulfide. Tables 95 and 90 show 
that increasing arsenic sulfide content decreases the pH value and greatly 
increases the calcium-ion solubility, probably by formation of calcium arsenite. 
Thus, skins in contact with an unhairing solution containing arsenic sulfide 
are subjected to the less caustic more mellow action of the dissolved calcium 
salts. 

Table 96 


Grume S added to 

,- 

-Granib CaO per Liter 

-- s 

lime solution 

AeaSj 

Nulls 

N a ;S 

0.00 

1.320 

1 320 

1.320 

0.25 

1.540 



0.50 

1.652 

1 424 

1.222 

1 00 

1.982 

1.454 

1.036 

2.00 

2 650 

1.500 

0 774 

3.00 

3.404 

1.536 

0 646 


The data of Theis and Ricker demonstrate that additions of even 3 per 
cent sodium sulfhydrate do not materially affect the pH value of the lime 
liquor but actually increase the solubility of the calcium ion to some extent. 
Then, in order for the expression [Oa 4+ ] X [Oil”] 2 to be a constant, these 
data would appear to indicate that the usual equation, 2NallS -f Ca(OH) 2 —> 
2NaOII 4- Ca(HS) 2 , does not obtain in tlu 1 strict sense, since even small 
additions of caustic alkali materially decrease the (V i+ ion solubility. It 
would thus seem, since the solubility of the lime increased and the pH value 
remained essentially constant, that veiy little sodium hydroxide was found. 
This may very well be the reason why sodium sulfhydrate acts similarly to 
arsenic sulfide in the unhairing liquors. Certainly its action is markedly 
different from that of sodium sulfide. 

Many other salts, such as sodium cyanide, sodium sulfite, sodium thio¬ 
sulfate, sodium sulfate, and sodium carbonate, may be used to alter the pH 
value and the Oa ++ ion solubility of an unhairing liquor. Theis and Ricker 
made a study of the action of these salts when added to a lime liquor. Their 1 
reaction may be expressed as follows: 

2KCN + Ca(OII) 2 -2KOH + Ca(CN), 

N&ftSgO* + Cu(OIIh —* Ca8jOj f 2Na()lI 
Na*S0 4 + CMOH),-* CaS0 4 + 2NaOH 
Na*CX), + Ca((>Il), CaCO* + 2NaOH 
NaA T Na 2 S()3 —► NaAOs + Na 2 S 
NaA + NaCN - NaCNB + Na*S 



GRAMS OF CaO PER LITER 
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* 



NORMALITY OF NaOH.NaHS^S OR As,S 3 

Figure 57, Showing the amount of CaO dissolved in unhairing solutions containing 
Ca(OH), with Na*S, NaHS and Ar 2 S 3 . The arrows indicate the CaO content in solutions 
containing 1 per cent of sharpener based on skin weight. 
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% 

The effect of moderate additions of such salts to a lime liquor are shown 
in Tables 97 to 101, and in Figure 58. 


Effect of Addition 

of XCN to 400 ml 
Solid Ca(OH)*. 

Lime Liquors Containing 10 gms 

KCS* added 


Grams soluble 

(gram) 

pH 

CaO/ liter 

0.00 



0.25 

12.50 

1.424 

0 50 

12.51 

1.424 

0 75 

12 53 

1.410 

LOO 

12.53 

1.406 


* Amount of cyanide added corresponds to actual percentage based on green salted 
skin weight in a liquid-skin ratio of 4:1. 


Table 98. Effect of Additions of Na 2 S0 3 to 400 ml Lime Liquor Containing 10 grams 

Solid Ca(OII) 3 . 


NrtjSO* added 

(grams) 

pll 

Dissolved 
caleium as 
grams CaO liter 

0.00 

12 50 

1.400 

.25 

12.57 

1.251 

.50 

12.60 

1.096 

.75 

12.62 

0.948 

LOO 

12.60 

0.812 

2.00 

12.76 

0.526 

3.00 

12.86 

0.366 

4 00 

12.95 

0.261 

5.00 

13 01 

0.213 

6 00 

13.07 

0.177 


Table 99. Effect of Addition of Na 2 S 2 0a to 400 ml Lime Solution Containing 10 grams 

Solid Oa(OH) 2 . 


N&2S2O3 added 
(grain) 


pH 


(’at 1 

^grains pei liter) 


0.00 12.53 1.400 

0.25 12.53 1 443 

0.50 12.53 1 487 

0.75 12 53 1.513 

LOO 12 53 1.535 


Table 100. Effect of Moderate Additions of Nu»S0 4 to 400 ml Lime Liquor Containing 

10 grains Solid Ca(OH)». 


N 112 SO 4 added 
(gram) 

I»H 

CaO 

(grams per liter) 

0.00 

12.53 

1.400 

0.25 

12.53 

1.436 

0.50 

12.53 

1.487 

0.75 

12,53 

1 520 

1.00 

12.53 

1.576 
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'Pablo 101. 


Effect of Addition of 'NatCO* to 400 ml Lime Liquor Containing JO grams 
Solid ('a(OH) 3 . 


NttaCOd added 
(«ram) 

pli 

CiiO 

(grams per lit«ir) 

0.00 

12.53 

1.400 

0.25 

12.56 

1 208 

0.50 

12.58 

1.010 

0.75 

12.61 

0.854 

1.00 

12.63 





Figure 58. The effect of addition of various salts to a lime suspension upon the 
pH value and soluble calcium. 


It has been pointed out previously that the cyanide salts are very effi¬ 
cient as “sharpeners” in the unhairing action and that they are, in general, 
more active than the sulfides. As shown in Table 97, moderate additions of 
the alkali cyanides have but little effect upon either the pH or the Ca +4 ion 
solubility of the lime liquor. It seems, therefore, that the reaction 2NaCN 4 
Oa(OH) 2 -* Ca(CN) 2 4- 2NaOU does not occur to any great extent. When 
cyanides are used in conjunction with lime, it appears that the reaction with 
the keratins is a breakdown of the disulfide linkage, with consequent forma¬ 
tion of sulfoeyanate. Salts such as the thiosulfate, sulfate and carbonate 
are not, as a rule, used in the unhairing bath, and have been discussed to 
some extent elsewhere. 

In 1942, Theis and Blum 42 investigated the effect of adding calcium 
sulfhydrate to the lime liquors. This investigation was carried further than 
their previous work and note was taken of unhairing time. Their data are 
ahown in Table 102 and Figure 59. 
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Table 102. Showing pH and OaO Solubility in Systems Oa(OII) 2 —•Ca(HS) 2 



No Ca(OH)* 
add ml 

10 gnm 

Crt(OII)* addfid 

| 

E Unhairing Tinu* 

Grama Cti(HS)* 
in 400 rul aoln 

A 
pi I 

n 

Giub Cat)/ 
100 rid 

C 

pH 

I) 

Gm« Cat)/ 
100 ml 

D-Ii 

Lung hair 

Short hair 

0.00 



12.61 

0.1374 

0.1374 

7 days 

7 days 

0.25 

9.28 

0.0389 

12.57 

0.1707 

0.1318 

3 days 

3 days 

0,50 

9.43 

0.0788 

12.54 

0 2051 

0.1263 

68 hrs 

60 hrs 

0.75 

9.66 

0.1155 

12.51 

0.2395 

0.1240 

24 hrs* 

36 hrs 

1.00 

9.92 

0.1554 

12.49 

0.2734 

0.1180 

24 hrs* 

i 24 hrs 

2.00 

10.28 

0.3108 

12.40 

0.4235 

0.1127 

24 hrs* 

24 href 

3.00 

10.55 

0.4669 

12.33 

0.5783 

0.1114 



4.00 

10.69 

0.6236 

12.30 

0.7317 

0.1081 



5.00 

10.82 

1 0.7804 

12.24 

0.8878 

0.1074 

24 hrs* 

24 hrs t 


* Jx)ng hair mushed and rotten, 
f Short hail not lining attacked readily. 


These data show that additions of calcium sulfhydrate cause a decreased 
pH value and an increased Ca ++ ion content. Column A indicates that the 
pH value of aqueous solutions of calcium hydrosulfide increases with increas¬ 
ing concentration; this in all probability being due to the reaction: 

HS~ 4 HOH H 2 S + <)H“ 

However, when calcium hydrosulfide is added to a lime solution (pll - 12.01), 
the alkalinity of the sulfhydrate is not- sufficient to affect that of the lime 
solution. However, a second reaction takes place, namely, the conversion 
of a portion of the HS~ ion to the insoluble S“ ion, bringing about a lessened 
Ca“ ion content (column D-B) and a lessened pH value, as shown in column C, 
In the discussion dealing with arsenic trisulfide, it was postulated that 
the reaction of arsenic trisulfide with lime might be: 


2Ab*S* + 9Ca(()H;*-♦ 3Ca(HS) f + 2(WAsO,)* f- 6II 2 (> 

Therefore it would appear that if calcium sulfhydrate and calcium arsenite 
were mixed in the proportion of 3 mols sulfhydrate and 2 mols arsenite, the 
same conditions should obtain as when arsenic sulfide was used. Theis and 
Blum, using Ab 2 0 8 , Ca(GH) 2 and Ca(HS) 2 in the proper ratio, as indicated 
by the equation, limed properly soaked skin in such a liquor. They noted 
the pH value of the liquor and also the time necessary for unhairing. Their 
results are shown in Table 103. These data show that the SH~ ion alone is 
not sufficient for unhairing and that the OH" ion is also necessary. This is 
particularly to be noted as the percentage of As 2 S 3 increases, thus lowering 
the pH value. When the latter is less than 12, the unhairing action is 
retarded, as can readily be seen from Table 103. 
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Table 103 



-pH- 


- —Unhairing Time - — 

c w 

/o 

net ore 

After 

Long hair 

Short hair 

AflvSs added 

I Tn Inuring 


(hours) 

(hours) 

0.5 

12.38 

12.32 

12 

72 

1.0 

12.30 

12,27 

12 * 

72 

1.5 

12.20 

12.19 

12 * 

72 

2.0 

11.90 

11.87 

120 * 

240 

Long hair mushed and rotten. 




% A»xO« 
equivalent to 





AsaSst 





0.5 

12.38 

12.23 

12 * 

72 

1.0 

12.31 

12 20 

12 * 

72 

1.5 

12 18 

12.01 

24* 

240 


* Long hair mushed and rotten. 

f Solutions made by adding As^Oa, ('u(HS)j and OafOHL to give the equivalent of 
As 2 S s percentages noted. 


Theis and Blum performed further experiments using calcium sulfhydrate, 
which was made by passing H 2 S gas into a water suspension for periods 
ranging from 1 to 60 minutes. The calcium hydroxide-sulf hydrate solutions 
were then used for unhairing experiments. The data are given in 'Fable 104. 

Table 104 



Gramsl 

pH 


Unhamng Time 

Grams 
CaO/lOO 
ml soln 

U»S passed 

Ca(IiS)? 

. 


— 

... 

(min) 

formed per 

Before 

After 

Long 

Short, 

100 ml soln 

Unhairing 

hair 

hair 

0 

0.000 

12.56 

12.40 

7 days 

7 days 

0.1350 

1 

0.021 

12.51 

12.38 

5.5 days 

5.5 days 

0,1470 

5 

0.077 

12.45 

12 40 

1 .5 days 

1.5 da vs 

0.1900 

10 

0.191 

12.41 

12.37 

12 hrs* 

36 hrs 

0.2360 

15 

0.247 

12.38 

12.32 

12 hrs* 

36 hrs 

0.2870 

30 

0.449 

12.31 

J2.22 

12 hrs* 

60 hrs 

0.4240 

45 

0.741 

12.20 

12.10 

12 hrs* 

96 hrs 

0.6060 

60 

L132 

12.15 

1200 

12 hrs* 

100 hrs 

0.8300 


* Long hair mushed and rotten. 

f For percentage Oaf US)* based on hide weight multiply by 4. 


This table shows that as the pH value decreases, due to increase of 
Ca(HS)*, actual short hair unhairing is retarded. Table 104 shows that 
this condition exists when a concentration of Ca(HS) 2 greater tluin 1.5 per 
cent is used. As the concentration is increased beyond 1.5 per cent, the fine 
hair, scud, and other keratinous substances are difficult to remove. Part of 
the unhairing difficulty is undoubtedly due to the decreased pH of the 
unhairing solution. That such conditions obtain are shown more in detail 
in the following investigations of Theis and Blum. Pieces of well soaked 
steer hide Were placed in the following solutions for 24 hours at 20° C. 
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Solution pH 

(1) NaOH 10.0 

(2) NaOH 10.5 

(3) NaOH 11.0 

(4) NaOH 11.5 

(5) NaOH 12.0 

(6) Saturated Ca(Oll )2 containing solid lime 12.5 

(7) NaOH 12.5 

(8) Same as (6) but adjusted with NaOH 13.0 

(9) NaOH 13.0 


After 24-hour treatment in these solutions, the skin was removed and placed 
in unhairing solutions containing 6 per cent hydrated lime, 1.0 per cent 
Oa(HS)* and a volume ratio, liquid to skin, of 4 to L The strips of skin 
wore tested for unhairing after each 12-hour period. The unhairing solutions 
were maintained at 20° C. The data arc given in Table 105. 

Table 105 

--Un hairing Condition- - - 


pH of ill kali nr 

Out of alkaline 

After 21 hrs 
mCft(OH)r- 

After 48 brs 
in Ca(OH)r~ 

HO&k 

soa k 

Ca(fIS)?«oln 

Oa(HS)i solo 

U) 

10 0 

— 

-* 

-r 4 4 

(2) 

10.5 

— 

-* 

4 

(3) 

11.0 

— 

-1 

— .. —* 

(4) 

11.5 

-- 

4* 

4 4 

(5) 

12.0 

— 

4* 

4 4 44 

< 6) 

12.5 

4 

•l 4 

4 4 

•'7> 

12.5 

t 

4 4 

4 4 4 


13 0 

4 4 

4 4 4 

4 4 + 

( 9 ) 

13 0 


4 4 

4 H 4 

f All hair mushed 





Table 100 shows additional data using the same preliminary treatment, 
but for reliming 0.5 per cent Ca(HS) 2 was used in place of the 1.0 per cent 
employed for the data given in Table 105. 

Table 100 shows that the pH value of the final unhairing solution has 
much to do with the unhairing when excess Ca(lIS )2 is used. It is necessary 
to have a sufficient amount of alkali present to counteract the effect of the 


Table 106 


-Unlmirmg Condition— 





After 21 brB 

After 48 hrs 

Aftei 72 brp< 

pH of alkaline 

Out of alkaline 

inCa(OH)*- - 

in 

in Ca(OH)a— 

soak 

soak 

Oaf HSU soln 

Oa(»S)i Holn 

Oa(lIH)j soln 

m 

JO.O 

— 

- t 

t 4 1 


(2) 

10.3 

-- 

4 

i t 1 


Cl) 

11.0 

— - 

\ 

» i ' *■ 


(4) 

11.5 

- - 

4 

l 4 1 


(5) 

12.0 

4 

1 

4 4 4 . 


'«) 

12.5 

f 

- 1 

4- 4 

4 4 4 

O’) 

12.5 

Y 

- $- 

4 4 

4 * 1 

(8) 

13 0 

4 4 

4 t- 

4 4 

‘ ^ ' 

(9) 

13.0 

+ 4 

4 4 

+ 4 

4 f 4 
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reduction in pH value caused by the excess Ca(HS) 2 . Employing such high 
concentrations of Ca(HS )2 as used for the experiments in Table 105 counter** 
acts immunization reactions. 

Table 106, however, shows nicely the immunization caused by high 
alkalinity. Whereas skin pretreated at pH values lower than 12.5 unhaired 
in 48 hours, using 0.5 per cent Ca(HS) 2 , skin pretreated at higher pH values 
did not unhair until 72 hours had elapsed, although the hair had been 
loosened two-thirds of the way in the alkaline pretreatment bath. In other 
words, the high alkalinity had caused such a change in the keratin matter 
of the hair that it was resistant to the SH~ ion. 

Theis and Blum investigated the effect of various unhairing liquors upon 
the shrinkage temperature of the limed skin. Goat skin was used for this 
work. The lime liquors were made up using 3 grams hydrated lime plus 
the additional “sharpeners” noted and 200 ml water. The strips of skin 
used were allowed to remain in contact with the specified lime liquor from 1 
to 10 days. After such treatment the skin was unhaired, washed, and the 
shrinkage temperature determined. The results so obtained are given in 
Table 107. These data show that even dilute sodium sulfide solutions cause 


Tabic 107. Effect of Various Unhairing Agents Upon the Shrinkage Temperature of Skin. 


Salt added 
to saturated 
lime 

: 

Cone 

g/i£00 

mlt 

Oneinal 
pit oi 
solution 


Shrinkage Temperature 


After 

24 hrs 

I Alter 

4S hrs 

After 

72 hrs 

After 

120 hrs 

After 

240 hrs 

Blank 

H 2 0 



65.4 

64.2 

64.9 | 

65.4 

67.0 

None 

Sat. 

Ca(0 H) 2 

0.0 

12.58 

58.0 

57.1 

57.0 i 

i 

55.1 

55.4 

NaCN 

0.5 

12.40 

59.5 

58.3 

53.1 

51.7 

51.7 

NaHS 

0.5 

12.49 

56.7 

56.0 

58.4 

55.2 

51.5 

Ca(HS)» 

0.5 

12.50 

58.4 

57.1 

57.7 

55.4 

52.0 

Na 2 S0 3 

20 

12.91 

53.5 

52.0 

50.7 

46.3 

48.3 

A-SaSa 

0.5 

12.41 

59.2 

57,5 

58.8 

58.2 

51.7 

Na*S 

0.5 

■ 12.60 

54.0 

53.6 

53.3 

52.2 

50.8 

Na 2 S 

1.0 

12.65 

52 0 

52.5 

49.9 

50.0 

48.3 

Na*S 

Na*S 

2.0 

12.80 

51.6 

47.8 

49.5 

50.1 

45.8 

3.0 

12.85 

50 5 

49.5 

44.3 

44.8 

44.4 

Na 2 S 

5.0 

1300 

46.6 

45.5 

43.3 

44.5 

* 


* Structure broken down. 

f To obtain per cent unhairing agent (based on soaked weight) multiply by 2. 


drastic changes in the shrinkage temperat ure of the limed skin, especially dur¬ 
ing the early period of liming. Sodium or calcium sulfhydrate appears to 
cause little change in this factor when compared to that caused by a straight 
limin process. The data obtained indicate that the use of arsenic sulfideg 
as an unhairing adjunct causes little or no breakdown in the skin structure. 
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Swelling and Plumping 

Marriott, 21 in 1932 and 1933, studied the swelling of collagen fiber bundles 
in acidic and alkaline solutions. Single fiber bundles were held at both ends 
and then treated with solutions of hydrochloric acid in the pH range 0.3 to 
5.0. The alterations were measured by means of photomicrographs. Mar¬ 
riott found that swelling commenced at about pH 3.5 and postulated that 
the first increase in volume was permanent, and was due to the “opening up” 
of the structure. He believed that later volume increases were due to 



P H Of EQUILIBRIUM SOLUTION 

Figure 59A 

plumping. He pointed out that swelling, or “opening up,” is indicated by 
an increase in the width of the film without any alteration in its length, 
whereas plumping or “osmotic take up” is indicated not only by an increase 
in width but by an accompanying decrease in film length. Lloyd, Marriott, 
and Pleass 18 showed that alkaline swelling does not begin at pH values 
immediately greater than the isoelectric point, but first becomes definite 
at pH 9.5. These investigators found a suggestion of a swelling maximum 
at pH 10.5 followed by a definite increase in volume at higher pH values, 
Swelling in sodium hydroxide solutions was greater than in calcium hydroxide 
solutions of the same pH value. 
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In 1936, Highberger 13 investigated the volume and weight gain of purified 
collagen. For this work he used unbuffered solutions in the pH range 1.5 
to 12.5. His data are shown in Figures 59A and 59B. The two curves are 
quite similar in trend and display some resemblance to the acid-base titration 
curve for collagen. The accepted isoelectric point at pH 4.9 is not well 
defined in either of the curves, but both show a flattened portion in the pH 
range 4.9 to 6.0. Beginning at pH 6.5, the curves descend sharply to attain 
a broad minimum value in the pH range 7.0 to 10.1. Alkaline swelling 
begins at about pH 10.5, increasing to about pH 12.0, and showing an 
apparent minimum value at approximately pH 12.3. Porter 38 earlier showed 



Figure 59B 

a similar slight minimum in the alkaline swelling curve of hide powder. 
Highberger points out that it is perhaps premature to speculate upon the 
significance of three minimum values in the complete swelling curve of 
collagen. It is rather inconceivable that a single molecular species of 
ampholyte can have more than one isoelectric point. The existence of the 
second and now the third isoelectric point can only point to the possibility 
of a second and third molecular species. Highberger goes on to state that 
the material must have consisted originally of a mixture of such species, 
or the several species must have been produced from the original chemically 
homogeneous substance through the action of the various reagents used for 
obtaining the several isoelectric points. The findings of Wilson and Galium 51 
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and of Wilson and Kern 61 in this regard have been adequately discussed in 
Volume I of the second edition of this monograph. As pointed out by 
Highberger, the existence of the third isoelectric point at approximately 
pH 12.3 might be accounted for by assuming that the tautomeric change is 
carried further in strongly alkaline solutions and thus results in the pro¬ 
duction of a third molecular species. 

It is still a matter of speculation as to whether or not the three minimum 
points of swelling, as noted, actually represent true isoelectric points. In 
view of the findings of Beek and Sookne, Highberger, and Theis and Jacoby 
relative to the true isoelectric point of collagen, namely in the proximity of 
pH 7.0, it will require demonstration by methods of electrophoresis and elec- 
froendosmosis to make certain that the three minimum values represent 
isoelectric points. 


Table 108. The* KfTeet of Change in Concentration of NaOII upon Dimensions of Fibres. 






Fresh fibers 





Dry Fibers 



I>H 

(\>n~ 

. 

Y 


M 


" ““o 

_ 


V 


M 

o 


( ’olo.) 

rentriition 









Length Width 

_ 

Length Width 

Length Width 

Length Width 

Length Width 

Length Width 

14.1 

N/l 

I >iminte 

united 

Disintegrated 

Disintegrated 

Disinte 

grated 

Disintegrated 

Disintegrated 

13 6 

N/3 

00.5 

730 

80 4 

845 

75.7 073 

09.0 

700 

68.5 

862 

94.4 

815 

13 1 

N/10 

71.0 

533 

71 3 

557 

72.1 

858 

80 

500 

80.7 

510 

77.2 

500 

12 0 

N/30 

7:5 8 

463 

75 

500 

80 

430 

87.5 

350 

89 

295 

81.3 

455 

12.1 

N/l 00 

77.0 

420 

77 3 

390 

74.3 

437 

88.0 

520 

80.2 

360 

82.1 

335 

11.0 

N/300 

78.4 

500 

78.8 

491 

79 2 

550 

91 

270 

89.1 

188 

83 

326 

11 4 

N/500 

92.0 

244 

88 

421 

88.9 

270 

91.5 

198 

98.2 

222 

87 

182 

11.1 

N/1000 

89.8 

337 

70 

513 

83.4 

410 

101.2 

148 

101.9 

138 

98.5 

120 

10.8 

N/2000 

98.4 

188 

99 3 

113 

98.5 

140 

102.3 

115 

101.8 

118 

100 

108 

10 4 

N/5000 

95.5 

128 | 

100 

114 

98 5 

110 

101 

138 

100 

112 

100 

104 

10.1 

N/l0000 

100 

104 

100 

100 

100 

UK) 

too 

150 

100 

100 

! 100 

100 

9.8 

N/20000 

100 

100 

100 

100 

too 

100 

100 

100 

100 

100 1 

I 100 

100 


In 1937, Lloyd and Stoekall 20 studied the swelling of structured proteins 
in alkaline solutions. For this investigation, they used tendons from the 
tails of rats. The alkaline solutions were sodium hydroxide, calcium 
hydroxide, and sodium sulfide; 5-mm lengths of tendons were used for each 
50 ml of alkali. Measurements of length and width were made on photo¬ 
micrographs of the swelled tendon. The results for alkali swelling are shown 
in Tables 108, 109, and 110. 

Commenting upon these data, Lloyd and Stoekall state: (1) that the 
maximum swelling obtained in sodium hydroxide solutions is only about 
half that obtained in hydrochloric acid solutions; (2) that swelling does not 
begin immediately on the alkaline side of the isoelectric point, but at approxi¬ 
mately pH 10.5; (3) that swelling in calcium hydroxide solutions is less than 
in either sodium hydroxide or sulfide, but continued for more than a w r eek 






238 


CHEMISTRY OF LEATHER MANUFACTURE 


e 

£ 

s 


g 

5 


co 

8 

o 

p 


p 

o 

U 


CS 

to 

o 


to 

to 

w 


g 


to 

OJ 

H 


kfl ifl 


tO CM 

q h (p a io 

56 co 35 on 


to to to to 

N (N ^ N N N 

n o oo ei a h »o a o o o q 

NNM»N 0000050000 


WCONONh^MQQ 

WCCONOOO 


*o 

CM 


to 

CM 


»o 

CO N rf 


NN«DiOQWN00OOQQ 

COCONOOOOOOOOOOCO 


§S 8 S 

O >c (N 


to to »o 

N W W O 


NffiiOCONhNOOOQOC 

®hoo5)ooocc5aoooo 


Is 

03 

& 

Cj 

"S 


n m o © [O 
CO CM to O _ , 
lO id lO ^ Cl H 


S o S 8 S 


.a 

Q 


to N CM h- »C »0 CM 

HOwwNooooda 

N N 00 N O 05 O O 05 O 


N O oo 
o >o CO 


O 05 05 »C CO 
CO CM CO to o -H 
to CM *—t 1—* T-i r-4 


o H r~4 t*“* t~t 
t>* 00 00 00 CT> 


g 8 8 8 


TJ CM 
2 ) GO 

S3 I—t 

feb 

a 

’S3 


CO^iQN'fOOCMOQ 

OcO«CO© 05 hOCO 

CC'tCilGHHHHHH 


to 

CO CM 


tO 
CM tO 


5 t S 2 £ SS g! 8 8 g g 8 8 


fl S 

g.2 

S? 


8«3 



2gg2 


^ ^5 ^ ^ ^3 ^ ^ ^ 


OOCOOOMrtOOCOHOOfOHOO 

co co cm ci ci h h h o o o fli 






LIMING AND DEPT L AT ION 


239 


Table 110. Effect of Change in Concentration of Oa(OII)a upon the Dimensions of Fibers. 






Fresh Fibers 



Dry Fibers 

pH 

(Calc.) 

| Con¬ 

centration 

Y. 


> M > 

0 . 


Y. 

M, 


0 . 



Length Width: 

Length Width 

Length Width 

Length Width 

Length Width 

Length Width 

12.8 

Sat. 

102 

280 

too 

274 

104 

148 

100 

165 

103 

153 

102 

152 

12.7 

N/25 

102 

120 

102 

150 

101 

102 

101 

141 

100 

165 

101 

137 

12.4 

N/50 

98 

150 

100 

150 

101 

155 

100 

122 

99 

141 

301 

145 

12.1 

N/100 

109 

140 

96 

141 

100 

129 

103 

131 

100 

176 

100 

136 

11.8 

N/200 

100 

150 

99 

131 

100 

357 

103 

133 

101 

100 

99 

100 

11.4 

N/500 

100 

154 

97 

123 

100 

122 

100 

121 

100 

109 

99 

100 

11.1 

N/1000 

100 

12(5 

98 

137 

100 

108 

100 

106 

101 

100 

98 

100 

10.8 

N/2000 

99 

144 

100 

134 

100 

108 

101 

141 

301 

102 

100 

127 

10.4 

N/fiOOO 

95 

180 

100 

127 

100 

166 







10.1 

N/ 10000 

100 

153 

98 

163 

100 

116 1 

i 

100 

ioo j 

100 

105 

ioo 

ioo 

without attaining equilibrium; 

and (4) 

that alkaline 

pretreatment 

with 


sodium hydroxide or sulfide weakens the reticular tissue. 

In 1938 Fritsch 9 studied tin' influence of the liming system upon the 


physical properties of calf leather. At this point only the data relating to 
the swelling fqptor will be discussed and the reader is referred to the original 
literature for the more practical aspects of this work. Fritsch first investi- 


Table UP Sodium Hydroxide. 


Initial 

pH After 

V ulume 

Weight 

pH After 

Volume 

Weight 

Id I 

IK hours 

(ml) 

(grams) 

4K hours 

(ml) 

(grams) 

12.64 

12.50 

41 

13.68 

12.50 

37 

13.78 

12.35 

12.24 

39 

12.65 

12.23 

39 

13.04 

32.18 

12.03 

39 

12.55 

12.03 

38 

12.30 

11.90 

11.80 

39 

12.49 

11.80 

35 

12.60 

J 1.52 

11.42 

36 

9.90 

11.44 

35 

9.88 

11 40 

11.15 

30 

5 56 

11.15 

30 

5.63 

11.23 

10.64 

24 

4.54 

10.69 

24 

4.46 

10.90 

9 75 

21.5 

3.64 

9.80 

21 

3.68 



Table 

112. Calcium Hydroxide. 



pH After 

Volume 

Weight 

pH After 

Volume 

Weight 

4s Hours 

(ml) 

(grams) 

IS Hours 

(ml) 

(grams) 

11.20 

24 

4.58 

11.20 

24 

4.86 

11.63 

25 

5.29 


26 


12 01 

27 

5.26 

12.01 

25 

5.29 

12.21 

24 

5.32 

12.21 

23 

5.10 

12.40 

23 

4.49 

12.41 

17 

4 62 


gated the volume and weight gain in a manner similar to that used by High- 
berger. In this work, he studied both the sodium and calcium hydroxide 
systems. His data are shown in Tables 111 and 112 and in Figures 60 and 61. 

Fritsch found that swelling in calcium hydroxide was less than in sodium 
hydroxide and thus corresponded to the valency rule postulated by Loeb, 
Wilson, and others. In subsequent study, he investigated the swelling in 
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Figure 60 
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mixtures of sodium and calcium hydroxide at a constant pH of 12.4 and found 
that although the swelling of collagen did not change materially with the pH 
value (11.2 to 12.4), it did change considerably with the ratio of calcium 



hydroxide to sodium hydroxide. These additional data are shown in 
Table 113. 

Table 113 


Lime Hydroxide pH After Volume Weight 

(ml) (ml) 150 Hours (ml) (grams) 


100 


12,40 

25 

25 

5.51 

5.82 

80 

20 


26 

28 

5.88 

6.34 

60 

40 

12.37 

28 

27 

6.66 

6.85 

40 

60 


31 

28 

8.68 

8.40 

20 

80 

12.33 

35 

34 * 

13.00 

12.74 

... 

100 

12.40 

40 

40 

15.39 

15.91 


Fritsch investigated further the plumping and swelling of steer hide. 
For these data, he estimated the plumping by measuring the decrease in 
weight under increased pressure. The basis of this method is the assumption 
that the difference between plumping and swelling involves a variation in 
the manner in which water is held in the protein. Fritsch, therefore, reasoned 
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that the rate at which water is expelled from the treated protein under 
pressure should vary in relation to the plumpness. His data are shown in 
Tables 114 and 115, and in Figure 60. 


Table 114. Soaked Hides. 


Pressure 


IVessure 

Weight 

Por cent 

(Ibe per sq inch) 

on 1.25 ram 

(grams) 

of initial weight 




5.40 

100.0 

*2,000 


2,455 

3.23 

59.7 

5,000 


6,130 

2.82 

52.2 

10,000 


12,280 

2 58 

47.8 

15,000 


18,410 

2.44 

45.2 


dry 


30.7 



Table 115 




„ 

l.imod Hides-- - 

_ 

Bated Ifides - 

Pressure 

'Weight. Per cent 

Weight 

Por oo nt 

{lbs on 1 25 rain) 

(grams) of initial weight 

(grams) 

of initial weight 


5.30 

100.0 

4.60 

100.0 

2,000 

3.44 

63.8 

2.68 

58.3 

5,000 

2.S8 

53.4 

2.42 

52.6 

10,(XX) 

2.00 

48.2 

2.23 

48,5 

15,000 

2.40 

44.5 

2.12 

46.1 

20,000 

2.28 

42.3 

2.04 

44.4 

dry 

1.46 

27.1 

1.38 

30.0 


The three curves shown in Figure 60 indicate nd real difference between 
the soaked, limed, and bated states. Fritseh suggests that his results appear 
to indicate that under high pressure the difference in plumping disappears 
and therefore the forces causing the plumping are of a low order of magnitude. 

In a series of papers, Lloyd 19 ct al. discuss the binding of water by gelatin 
and collagen and the relation of such binding to plumping and swelling. 
They point out that collagen fibers can absorb water under two independent 
sets of forces, the one due to a formation of a Doiman equilibrium which is 
controlled by the pH value of the system and the other due to a Hofmeister 
effect of the acids, salts and bases, each of which produces its own char¬ 
acteristic effect. Lloyd et al. presume that the Donnan effect is osmotic in 
nature and leads to the free water in the system, whereas the Hofmeister 
effect tends to give increased waiter binding. Lloyd and Moran show that 
pressures under 8,000 pounds per square inch remove only the free water 
of the system and a force greater than 38,000 pounds per square inch is 
necessary to affect the bound water. Lloyd and Marriott postulate that the 
action of alkalies upon collagen can be divided into a Donnan and a lyotropic 
effect. The Dorman effect, or plumping, appears to be definite in the case 
of sodium or potassium hydroxide but is not always evident in the case of 
calcium hydroxide. The Donnan effect is latent over the pH range 5.0 
to 11.2. The Hofmeister effect becomes evident at about pH 9.0 and both 
effects are apparent at the' regular liming pH value of the unhairing bath. 
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Liming of skins and hides must then be considered a process necessary 
not only for the loosening and removal of hair but also for conditioning the 
skin or hide for the subsequent processes of bating, pickling and tanning. 

During the liming proecs*s, the skin binds and imbibes water and becomes 
plumped and swollen, and reacts with the alkalies present to form “pro- 
teinates.” In addition, the alkali reacts with the keratinous proteins of the 
hair and epidermis, causing definite degradation of these substances. At the 
stage where the hair slips satisfactorily, the skins are removed from the 
unhairing liquor, the hair is removed from the skins by mechanical means, 
and the skins are then ready for the next operations, known as ddiming and 
bating, and which will be discussed in the next chapter. 


References 

1 Astbury, W. T , "Fundamentals of Fiber Structure,” Oxford Press (1933) 

2 Atkin, W I? , Goldman, L, and Thompson, F O., J . Soc. Int Leather Trades diem , 17, 568 (1983). 

3 lleek, J., and Sookno, A M , J . /lw. Leather Chan Assoc , 34, 641 (1939). 

4 Bergmanri, M , l'. S Parent. 1,765,199, June 17, 1930 

5 Block, R J r and Vickery, H. B., J Biol Cham , 93, 105 (1931), 93, 117 (1931). 

6 Bray brooks, W E., J Soc Ini. Leather Trades Chem , 23, 73 (1939). 

7 Crowder, J A , and Hams, M , J. Res N Ff.S , 16, 475 (1936) 

8 Fritseh, A , ./ Arn Leathei Chem Assoc., 33, 592 (1938) 

9. Kntneh, A , ibid , 33, 665 (1938) 

10 Goddard, P R , and Michaelm, L , J. Biol Chcm , 106, 605 (1984), 112, 351 (1935). 

11. Gustavson, K U , and Widen, P J„ Coll , 680, 562 '1926) 

12. Harris, M . and Smith, A T . , J Res A* B.S , 18. 623 (1937) 

13 Highberger, J. H , J Ain. Leather ('hem Assoc , 31, 345 (1936) 

14 - -, and Sleeker, H C , ibuf , 36, 368 (i<»41). 

35 Hirseh. A , Shoe and Leathei Reporter, 223, 11 (1941) 

16 Horn, TU J , Joins. L> B , and Ringel, S J , J Bud Ch<m , 138, 141 (1941). 

17 Koppouhoefet, R M , J \m Leather ('hem. Atom , 32,210 (1937), 32, 627 (1937), 33, 79 (1938), 34, 
240 (1939) 

18 Lloyd, 1) J , Man lot t, K U , and Plena*, AV , Trans. Farad Soc , 29, 551 (193.5), 29, 1228 (1933). 

19. —, and Moran, T , Proc Roy Soc , 147, 382 (1934) 

and Marriott, R 11 , Tunis Farad Soc , 32, 1 (1936) 

20. and Stockall, (J , Stiasny Festschrift (1937). 

21 Marriott, R H . Rtothrm ./ , 26,46 (1932) 

22 —, J Soi Int . Leathei Trades ( hern , 12, 216 (1928) 

23. - Stiasriy Rest sc In ift (1937). 

24. McLaughlin, G T) , ./ 4 m Li other Chen ^ Ansar , 23, 336 (1928). 

25 Jhghberger, J. 1L, and Moore, E. K , ibid , 22, 345 (1927) 

26 ami Rockwell, G K , t bid , 22, 329 (1927) 

27. ’ , O’lUahcitv, k , and Highbeiger, J. H , F. S Patent, 1,785,092, De- 16, 1930. 

28 — , and Theis, K R , J lm. Leather Chem Assoc , 20, 234 (1925) 

29. ibid , 20, 246 (1925) 

30 —, xtnd , 21, 551 (1926) 

31. Merrill, II B , lnd Rug ('hem 16, 1144 (1924). 17, 36 (1925) ; 19, 380 (1927) ; J Am Leather Chcm. 
Assoc , 22, 230 (1927), 

32 MiohaeUs, L , ibid., 30, 557 (1935) 

33 Mizell, L. R„ and Ilarns, M . J. Res N B S , 30, 47 (1943). 

34 Moore, E Jk , J Am Leather Chem Assoc , 28, 206 (1933) 

35 - . Uwbberger, .1 II , and O’Flaherty, F , ibid , 23, 318 (1928). 27, 2 (1932). 

30. Nicolet, B IT , and Shmn, L \ ,J Am Chem. Soc 67, 2284 (1941). 

37 Patterson, W. I , Geiger, W B , Mwll, L IL, and Hams, M , J Res N B S , 27, 89 (1941) 

38 Portei.K K , J Am Leather Chem Assoc , 20, 282, (1925). 

39. SehOberl, A , and Eek, 11 , Liebige Ann Chem., 522,97 (1936) 

40. Stiasnv, E , J . Am Leather Chem . Assoc , 15, 172 (1920). 

41. Them/E, R , ibid , 26, 352 (1931) 

42. - -, and Blum, W. A , ibid , 37, 93 (1942); 38, 68 (1943). 

43. —, and Jacoby, T. F , ibid , 36, 375 (1941). 

44. tlnd., 36, 375 (1941). 

45 - , ibid , 37, 611 (1942) 

46. and Rickei, M. O , dad , 35, 663 (1910). 

47. - , —, ib%&, 36, 62 (1941). 

48. - , —, ibid , 36, 201 (1941) 

49. —, and Stcmhardt, R. G , Jr , Unpublished data 

50. A'ago, G,, Stiasny Festschrijt (1937). 

51 Wilson, J. A , J Am. Leather Chem. Assoc , 12, 108 (1917). 

—, and Daub, G., lnd Eng Chem , 16, 602 (1924). 

—, and Galium, A F„ Jr,, ibid , 15, 267 (1923), 

52. Wind us, W., and Turley, 11. G., Shasny Festschrift (1937); J. Am. Leather Chem. Assoc , 33, 246 (1938) 



Chapter 10 
Bating 

In its strict sense, the modern term “bating” refers to the action of 
proteolytic enzymes upon a skin or hide following the unhairing process, 
described in the preceding chapter. The bating process is thus quite distinct 
in character from the mere “deliming” of the skin by means of acids or salts, 
although, as we shall see, deliming is a necessary part of bating. 

When a skin leaves the lime unhairing solution and has been mechanically 
treated to remove hair, epidermis, flesh, fat and surface muscles, it is in a 
highly swollen state and has a pH value of about 12.5. Many centuries 
ago tanners learned that if such a swollen skin were treated with an aqueous 
infusion of fowl or dog dung prior to tanning, certain desirable characteristics 
were found in the finished leather. Those characteristics were lacking if 
this weird treatment was omitted. The leather properties imparted by 
bating cannot even today be expressed by numerical values, they cannot be 
adequately described in words, and it is difficult to recognize them by 
microscopic means. But the experienced tanner or shoe manufacturer knows 
them by the smoothness and silkiness of the grain and a certain desirable 
“feel” of leather which has been bated; these qualities are lacking in unbated 
leather. Until some thirty years ago, bating was performed entirely with 
manure; when hen or pigeon manure was employed the process was termed 
“bating,” and when dog manure was used it was called “puering.” Fowl 
manure was usually employed for heavy hides since it rapidly penetrated 
the hide, possibly because of its content of urinary products; dog manure 
was used for light skins. Regardless of the type of manure employed, the 
process was filthy, disgusting and unhealthy. These conditions led to some 
of the most remarkable work in the annals of leather science—the investiga¬ 
tions and conclusions of J. T. Wood, and their application by Otto Rohm. 

In 1898, Wood 24 published a paper on the constitution and action of 
manure bates; and this was followed by a long series of brilliant and pains¬ 
taking investigations, which may be summarized as follows. The mineral 
matters present in manure bates were found to be chiefly sulfates, chlorides 
and phosphates of sodium, potassium, ammonium, calcium and some silica. 
The more important organic materials were bacteria, enzymes, cellulose 
matters and fats. He found both peptic and tryptic enzymes, a rennin, 
an amolytic enzyme and a lipase. (Those readers who are interested in the 
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early studies of bating lire referred to the book written ori this subject by 
Wood, 26 in 1912, in which are included detailed references to the work of 
his contemporaries.) Wood established that the essential principle of the 
manure bate was the proteolytic enzymes it contained. This finding led to 
the manufacture of “synthetic” bates which rapidly displaced the use of 
manure; so far as we know, there are no manure bates employed in the 
United States today. There are many types of synthetic bates, but all 
essentially consist of enzymes, an inert material (such as wood flour or saw¬ 
dust, which serves as an enzyme adsorbent) and neutral deliming salts. 
The source of the proteolytic enzymes used in bate manufacture may be 
bacterial or fungal, or they may be extracted from the pancreas of animals, 
such as the sheep or hog. The latter source was the one employed by Rohm 1 '' 
in the preparation of the “Oropon” bates, which he patented in J908. 

There are many types of bating materials on the market today and while 
extravagant and unsubstantiated claims are made for some products, there 
is no doubt that the strength and the character of a bating material are of 
importance. Rut the proper selection of a bating material cannot- be made 
merely on the basis of its so-called enzymatic strength; the nature of the beam - 
house processes employed at a given tannery, the kind of raw material used 
and the finished leather characteristics desired must all be considered in 
choosing the proper bate. The greater the knowledge of the tanner and 
leather chemist as to the function of bating, the more intelligently can they 
operate the process. For this reason, we are primarily concerned in this 
chapter with describing what is known of the principles rather than the details 
of the process. Wood and his contemporaries proved, as we have seen, that 
the active and necessary bate component is its proteolytic enzymes, but our 
present and yet limited knowledge of the manner in which the enzymes act 
upon the skin has resulted from more recent investigations. Before describ¬ 
ing these studies it will be well to consider briefly the mechanics of bating. 

Practically all light skins are bated prior to pickling and tanning, as are 
the matured hides used in the manufacture of side upper leather. The 
heavy hides which produce sole leather may or may not be bated before 
entering the vegetable tan liquors; if they are bated, the treatment is usually 
much less than that given light skins, and if not bated at all they often 
receive a chemical deliming. In the case of light skins, the limed and 
swollen skins are put into a paddle vat containing cool water, to which is 
usually added a small amount of a deliming acid, such as lactic or hydro¬ 
chloric; the paddle is then revolved until the desired degree of deliming is 
attained. The extent of such preliminary deliming varies with individual 
processes and with personal preferences; it may consist of a mere surface 
deliming designed to remove any calcium carbonate precipitated on the 
skin’s surfaces, or it may be considerably extended. At the completion of the 
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preliminary deliming, the skins are transferred to a paddle vat containing 
water at approximately 90° F (or whatever temperature is selected), to which 
the proper percentage of bating material is added. The selected temperature 
is maintained and the paddle is run continuously for the necessary time, 
after which the skins are considered “bated.” The previously swollen skin 
is now flaccid; its grain has a smooth feel; it retains the impression of the 
fingers if squeezed; and it is permeable to air. The ammonium salts (sulfate 
or chloride) contained in the added bate have reacted with the lime which is 
combined with the incoming skin, greatly reducing its amount and thereby 
inducing the “fallen” condition noted and, at the same time, lowering the 
pH value of the skin to approximately 8.0 to 9.0— the optimum reaction for 
proteolytic enzymatic action. The time of bating treatment may vary from 
one to four hours in the case of calf skins; goat skins usually require a much 
longer time. 

Any significant study of bating must be performed with skin itself, since 
investigations employing hide powder or other material bear no direct relation 
to the bating mechanism. 

The various modern theories of bating have suggested the following 
possible effects of the proteolytic bate enzymes upon the skin, (a) Effect 
upon the skin collagen, (b) Effect upon skin elastin fibers, (c) Effect upon 
the reticular tissue of the skin, (d) Effect upon the degraded keratinous 
substances and scud, etc., present in hair follicles, (o) Effect upon the 
so-called “coagulable” proteins (albumins, globulins, etc.) which may remain 
in the limed skins. 

Before discussing the five factors listed above let us consider some of the 
purely physical changes involved in bating. In considering the anatomy 
of skin in Chapter 2, we noted that it contains elastin fibers, involuntary 
muscle (the erector pili muscles), and voluntary muscle which is attached 
to its flesh surface, and which may not be completely 7 removed when the skin 
is fleshed. In 1929, McLaughlin, Highberger, O'Flaherty and Moore 8 
investigated the swelling and falling of these individual tissues as they passed 
through the several processes of the beam house. This was done by employ¬ 
ing whole green salted calf skin, elastin fibers secured from calf ligamentum 
nuchae immediately after slaughter, involuntary muscle from the calf uterus 
and voluntary muscle from the thorax. These various salt-cured tissues 
were then given typical beam-house treatments of soaking, liming, bating 
and treatment with cold water after bating. (The last treatment was 
included to explain the fact that if bated skin is plunged into cold water its 
grain will become rough and will usually remain so in the finished leather.) 
The bating system employed was a solution containing 3.0 grams Oropon C 
per liter at a bating temperature of 95° F. Duplicate specimens were 
“bated” with lactic acid and with ammonium chloride in the absence of 
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enzymes. The results are summarized in Figure 02, where the weight 
changes are expressed as parts of water or solution held by one pait oi dry 
material. 
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Figure 62 indicates the following. (1) The various tissues differ in swelling 
and falling values, involuntary muscle showing very much greater hydration 
throughout. (2) The weight of each soaked tissue is greatly increased during 
liming, but the soaked weight is regained after a two-hour bating treatment. 
(3) When the bated tissues are placed in water at 50° F they become hydrated 
and swollen, and this is particularly apparent in the case of the involuntary 
muscle. (4) All the physical changes noted are induced by a “bating” 
(deliming) treatment with either lactic acid or ammonium chloride, indicating 
that enzymes are not required to accomplish the physical changes noted; 
this confirms Merrill’s 12 observation that the presence of enzymes is essen¬ 
tially without influence upon the falling of the whole skin during bating. 

Effect of Bate Enzymes upon Skin Collagen. The principal enzyme 
present in most synthetic bates is trypsin. In 1923, Thomas and Seymour- 
Jones 19 studied its effect upon hide powder and found that considerable 
digestion occurs. The value of their experiments was questioned by Mar¬ 
riott, 10 in 1926; he correctly pointed out that hide powder is a denatured 
material. Marriott suggested that the liming process produces a degraded 
form of collagen, and that its digestion and removal is one of the functions of 
the bate enzymes. In 1927, Merrill and Fleming 11 made extensive studies 
of the digestion of collagen by Irypsin, and concluded that the collagen of 
both fresh and limed skin may be digested by trypsin but that probably 
but little or no digestion of collagen occurs during practical bating operations. 
In 1934, Bergmann 2 discussed the digestion of collagen by trypsin; he stated 
that trypsin does not hydrolyze the proline nitrogen linkages in collagen, 
and that the same conclusion holds true in regard to the bating process when 
pancreatin is employed. He concluded that trypsin is able to hydrolyze 
only such peptide linkages as contain peptide* hydrogen. 

Effect upon Skin Elastin Fibers. In 1910, Rosenthal 17 suggested that the 
function of bating was essentially its removal of the skin elastin fibers. This 
conception was accepted by Krall, 7 Moeller, 13 Reymour-Joncs 18 and par¬ 
ticularly by Wilson, 22 who made very extensive microscopic studies of the 
effect of bating upon the ela*stin fibers. In 1922, Rohm and Haas 16 showed 
by microscopic means that neither manure nor synthetic bates appreciably 
affected the elastin fibers during normal bating; and their finding was con¬ 
firmed by Marriott, 10 in 1926. Indeed, Wilson’s original investigations 
indicated no appreciable digestion of elastin fibers under the conditions of 
practical bating; digestion occurred only when drastic bating methods, such 
as would not be employed in practice, were used. And Wilson later 
abandoned his contention as to the importance of the digestion of elastin. 

Effect upon Reticular Tissue. In 1926, Turley 20 called attention to a 
tissue present in the curium major which, as he expressed it: “forms a sheath 
enveloping and protecting the bundles of connective tissue fibers.” Turley 
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termed the tissue “areolar,” but it has since become known as “reticular.” 
This tissue has been extensively studied by Kaye, 6 employing steer hide; 
in 1936 she reported upon it as follows. “A tissue is present in skin which 
is composed of very fine fibers, binding together the coarser structures of the 
skin. It differs chemically from collagen and elastin, and structurally from 
the fibers composed of these. The tissue is very similar to the reticular 
tissue which is present in other parts of the animal body. It is the fibers 
of this tissue which bind together the collagen fibrils and fibers into bundles 
and cause the constrictions in the bundles when swollen with acids or 
alkalies. The tissue gives color reactions peculiar to proteins. It is digested 
by pepsin, but not readily by trypsin; it is attacked by the action of bacteria. 
It is very resistant to chemical reagents and withstands much longer than 
collagen the action of strong acids and alkalies.” In 1939, Roddy and 
O’Flaherty 14 stated that the tissue composing the walls which are between 
fat cells consists essentially of reticulin, and that this tissue is comparable 
to the reticular tissue located bet ween the collagen fiber bundles, and hence 
would serve as experimental material. They therefore extracted the fat 
from adipose tissue cut from the kidney area of the flesh side of steer hide. 
The reticular tissue remaining after the fat was extracted was then studied 
with the following results. The tissue seemed to be a conjugation of proteins 
giving tests for albumins, globulins and mucoids; these three compose a 
small fraction of the total tissue. The large fraction of the tissue was of a 
different protein type; it was digested by pepsin but not trypan. 

In their bating studies of 1929, McLaughlin, Ilighberger, O’Flaherty and 
Moore 8 suggested, on the basis of microscopic examination of skin before and 
after bating, that one of the important functions of bate enzymes was their 
digestion of the reticular tissue associated with the collagen fiber bundles. 
But in view of the finding of both Kaye and Roddy and O’Flaherty that 
reticular tissue Is not digested by trypsin, this conclusion would now seem 
to be unwarranted. The phenomenon which these former workers observed 
microscopically may possibly be best explained as follows. Rupture of 
reticulin fibers is probably a function of lime swelling; but since these fibers 
appear to be coated with an albumin-globulin fraction as noted above, they 
would not be stained so clearly as would be the case after the bate enzyme 
had digested away the coagulable protein coating. In other words, Ihe 
ruptured condition found probably existed before the skin entered the bate 
but was not made visible by staining until the reticular fibers had been 
cleansed of their coating. Turley, 21 on the other hand, has experienced no 
difficulty in staining and demonstrating reticular tissue out of lime. He 
finds it to be unaffected by the bate enzymes. 

Effect upon Keratinous and Other Degradation Products. In 1919, 
Gautrelet and Thuau stated that the main function of enzymatic bates is 
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their hydrolyzing action upon the keratinous material remaining in the 
limed skin. In 1920, Wilson and Merrill 23 suggested that the most important 
function of bate enzymes is probably their hydrolysis of the degraded 
keratinous matters present in the skin thermostat “layer,” winch, if not 
removed, will be precipitated by the acid tan liquors and will adversely 
affect the appearance of the finished leather grain. They therefore prepared 
an experimental material which they termed “keratose” by digesting clean 
calf hair with sodium hydroxide. They then studied the action of both 
pancreatin and commercial bates upon keratose and found a very con- 
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siderable digestion to occur in the case of both enzyme sources. We shall 
not enlarge upon the very extensive and interesting experimental studies 
with keratose by these authors, since it was shortly thereafter shown that 
while degraded keratinous matters are removed in bating, their removal is 
not an enzymatic function. 

In 1929, McLaughlin, Highberger, O’Flaherty and Moore 8 made a careful 
Study of the amount of keratinous material removed in the bating of both 
green salted calf and sun-dried (unsalted) goat skins. The soaked skins 
were limed without the addition of sulfide or other accelerators, were fleshed, 
unhaired and scudded, and were then given the following bating treatments. 







BATING 


251 


Portions of scudded skin were paddled in distilled water at 68° F for 10 
minutes, when the wash water was removed and was replaced with fresh. 
Thus three waters wore given over a washing period of 30 minutes. The 
washings were then mixed, filtered, and analyzed for sulfur and for nitrogen. 
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The object of the preliminary washing was to remove surface and other 
easily removable degradation products, and thus to bring the skin into a 
uniform condition prior to bating. The washed skin was then bated for the 
time periods and at the temperatures shown, using 1,0 per cent Oropon C 
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for calf and 3.0 per cent Oropon A for goat skin, based upon white weight. 
Duplicate experiments were run in all eases; in one experiment the bating 
material possessed the normal enzymatic activity, but in the duplicate 
experiment the enzymes of the bate liquor had been completely inactivated 
by heating it in a water bath for 50 minutes at 88° C. At the end of the bating 
treatment, the skin was again washed in three changes of distilled water, 
in the same manner as described for the pre-bating wash. The after-bating 
w T ash waters were combined, filtered, and analyzed. When the dissolved 
nitrogen and sulfur values found for the pre-wash, the bate liquor and the 
after-wash were added together and were plotted against hours of bating, 
the values shown in Figures 03 and 01 were found. 

It will be noted that the dissolved sulfur values shown in the two figures 
are practically identical, whether an active or inactive bate is employed. 
Since sulfur is a distinguishing characteristic of keratinous matters, it is 
obvious that if the function of the bate enzyme were to hydrolyze and remove 
keratinous degradation products from the skin, more sulfur should have been 
present in the active enzyme bating solutions; but such is not the case. In 
other words, the removal of kerutosc is not an enzyme function. 

Effect upon Coagulable Proteins Present in Skin. The suggestion that a 
prime function of bating is the effect of the bate enzymes upon the inter- 
fibrillary protein matter of the limed skin was first made* by Eitnor, 3 in 1911. 
Similar suggestions were made by Marriott 9 in 1921, Rohm and Haas 16 in 
1922, and by Turley 20 in 1920. None of these authors attempted to confirm 
the suggestion experimentally, but in 1924 Kaye and Jordan-Lloyd, 5 in 
their studies of collagen swelling, demonstrated the presence of inlcrfibrillary 
material and showed that it was digestible by trypsin. In their bating 
investigations already referred to, McLaughlin, Ilighberger, O’Flaherty and 
Moore experimentally studied this phase of bating and concluded that the 
removal of interfibrillary matter is probably the principal function of the 
bate enzymes. Their study was made in two ways. Laboratory experi¬ 
ments, conducted according to the methods already described, were run 
with dry, sun-cured (unsalted) goat skin, since such material retains all of 
its original interfibrillary material which, in drying, becomes hardened. 
Duplicate specimens were soaked in plain water and also in 10 per cent 
sodium chloride solutions (followed by plain water) to disperse and remove 
part of the interfibrillary nitrogen. Analysis of the various soak solutions 
at completion of soaking showed, as w r ould be expected, a very much greater 
amount, of coagulable nitrogen removed by the salt soak. All skin specimens 
were then limed, unhaired and scudded, after which they were bated with 
increasing concentrations of U.S.P. pancreatin, ranging from 0.01 to 0.10 
gram per liter, sufficient ammonium chloride being added to each bate solu¬ 
tion to maintain a constant pH value of 8.3-8.5 throughout the 16-hour 
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bating period at 95° F. When the nitrogen dissolved in soak, lime, pre¬ 
wash, bate and after-wash were added together the total was uniformly 
much greater in all instances in the case of the salt soak, that is, as a function 
of bate enzyme concentration, as shown in Figure 65. 

The difference in value of the two nitrogen curves of the figure is very 
approximately accounted for by the greater amount of coagulable nitrogen 
which was dissolved from the skin by the salt soak. And it will be noted 
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that as much total beam-house nitrogen was dissolved in 16 hours by 0.05 
gram pancreatin in the case of the salt soak as with double the enzyme con¬ 
centration in the case of the water soak. Or, when the goat skin was bated 
with 3.0 grams Oropon A per liter, the same amount of total dissolved nitrogen 
was found at the end of 9 hours’ bating of the salt-soaked skin as was removed 
by 17 hours’ bating of the water-soaked. These results led to the second 
experimental method employed; that is, to large-scale tannery tests. Com¬ 
parative packs of sun-cured goat skins were processed according to the 
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regular tannery processes of that time: long soak, long liming with much 
added sulfide, and long, drastic bating. When no modifications of such 
beam-house processes were made, skins soaked in 10 per cent sodium chloride 
solutions produced poor quality, thin, raggy leather compared with those 
soaked in plain water. But when the experiments were repeated and the 
liming and bating were properly shortened on the basis of careful examination 
of the skins being processed, it was found that salt-soaked skins required 30 
per cent less liming and 33 per cent less bating time. When these two 
processes were thus modified, the salt-soaked skins produced leather which 
was superior in fullness, feel, etc. to that which had received the normal 
and the then usual beam-house treatments. 

These investigators concluded that the leather results noted were to be 
explained as follows. Skin fibers which are covered with coagulable and 
dehydrated protein material require more drastic soaking, liming and bating 
than if less of such material is present. But if such coating material is 
partially removed in the soak, a somewhat “naked” fiber enters the lime and 
the bate. And such naked fibers do not need- and, indeed, cannot stand- 
the drastic liming and bating treatments necessary for fibers which are 
encased in dehydrated inter-fibrillary material. 

H. Anderson 1 has recently studied the removal by trypsin of the inter- 
fibrillary protein remaining in delimed goat skin. He finds that the enzyme 
removes a large proportion of such material, but states that its removal 
appears to have no effect upon the characteristics of the finished leather. 
The latter statement cannot of course be taken too seriously, since Anderson 
based this conclusion on the leather pioduced from only two skins. Tanning 
experience has long shown that conclusions involving the “feel” and other 
characteristics of leather may not be safely drawn unless based upon the 
examination of, say, several hundred skins. 

In attempting to sum up our present knowledge of the bating process, 
it is necessary to divide the effects of bating into two classes. In the first 
are to be grouped all those changes in the skin which may be induced by the 
action of solutions of deliming acids or salts and for which proteolytic 
enzymes are not required. In the second class are included all changes 
which require the presence of proteolytic enzymes. The only necessary 
enzymatic action which appears to have been reasonably well established 
to date is the dispersing effect of proteolytic enzymes upon the interfibrillary 
protein present in the skin as it reaches the bate paddle. There would seem 
to be no reasonable doubt that large-scale tannery experience has proved 
that the extent of enzymatic action required is entirely dependent upon the 
nature of the soaking and liming which has preceded the bate. If, for 
example, a large proportion of interfibrillary protein has been removed in the 
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soak by the addition of sodium chloride or other dispersing salts, or of sodium 
polysulfide, the bating treatment must be reduced, or inferior leather will 
result. Conversely, if the bulk of interfibrillary matters has been left in 
the skin, a more drastic bating is required. This does not necessarily mean 
that there are not other important enzymatic functions which the future 
will disclose. But we would suggest that the value of future studies will 
depend upon the extent to which laboratory investigations are correlated 
with tannery experiments under actual operating conditions. 

We have left untouched the subject of the analytical evaluation of bating 
materials. This information is readily available in the numerous publica¬ 
tions on the subject. 4 
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Chapter 11 
Pickling 


In Volume I of the second edition of this monograph, the pickling opera¬ 
tion was little more than described, since up to 1928 the process had not 
been systematically investigated. Our understanding of the process at that 
time rested upon the general studies of Procter, 10 Wilson, 11 and Loeb. 6 24 
These investigations dealt with the swelling and the acid- and base-binding 
of gelatin, and from them the Procfcer-Wilson theory of swelling was derived. 
This theory, which applied the Donnan membrane equilibrium to swelling, 
has been adequately described and discussed in Volume I. 

In Chapter 4, the electrolyte-fixation capacity of fibrous proteins has 
been discussed in detail. As the acid- and salt-fixation power of collagen is 
of great importance in the pickling process, the work described in that 
chapter may be considered the foundation of pickling. 

The term “pickling” may be defined as the process of treating bated hides 
and skins with mixed solutions of acid and salt. The process is of importance 
for two different reasons, namely, the conditioning of hides and skins for 
subsequent mineral tannage or the preservation action necessary for their 
long storage. 

During contact with the alkaline unhairing bath, the skin proteins have 
become swollen and alkali-fixation has occurred corresponding to that 
normally obtaining at pH 12.5 to 13.0. The sodium and calcium ions are 
bound to the proteins thus: 
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In addition to the cation fixed, unbound alkali is diffused throughout the 
skin tissue. This however, is usually removed in the subsequent bating 
and washing operations, and can be largely discounted. During the bating 
process, the pH value of the skin tissue is decreased from 12.5 to 7.5 to 9.0, 
depending upon the modus operawh of the operation. In consequence of 
the bating operation, a portion of the bound alkali is removed and only that 
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alkali remains which corresponds to that normally,obtaining at the particular 
pH value of the bating. 

During the early period of pickling, the acid acts first upon the protein 
(eollagen)-alkali compound, converting it into isoionic protein, Le., collagen 
w r hich is combined equally with hydrogen and hydroxylione: 

4* NaOl 

COOH 

and secondly, upon the isoiohic collagen, converting it to a collagen-acid 
compound, +H S N—R- COO~ + IIC1 -> Cl“ + HaN—R—COOH. The acid 
continues to bind wifch the skin proteins until equilibrium has been estab¬ 
lished. The acid fixed during any pickling operation is that obtaining for 
the equilibrium pH value of the pickle solution. 

Most pickle solutions used have an equilibrium pH value ranging from 
1.5 to 2.5. If acid alone were employed, the hide or skin would swell beyond 
that which is desired. If salt is present, however, the amount or degree of 
swelling can be controlled. It. is in this particular pH range that maximum 
acid swelling obtains and therefore sufficient salt (NaCl) must be added so 
that only the desired degree of swelling occurs. 

In addition to the bound acid, the skin contains or holds within itself 
a certain amount of acid-salt solution and for this reason both the bound 
and free acid in the skin must be taken into account in the subsequent 
mineral tannage. 

In the period 1920 to 1930 but little real study was made of this very 
important process and any advancement noted w r as in the field of practice. 
However, in 1930, Kiintzel, Buchheimer and Prieseritanz 5 investigated the 
pickling action of various acids upon specially prepared collagen. This work 
was the first definite study dealing with skin collagen, and from that viewpoint 
deserves special mention in any treatise dealing with the pickling process. 

For their investigation, Kiintzel and collaborators used a raw collagen 
material prepared after the manner described by Buchheimer, namely, cow 
hide freshly slaughtered, the flesh and epidermal layers being removed by 
splitting. The skin thus prepared was then air-dried and cut into strips 
and was ready for use. This type of prepared skin was first used by 
McLaughlin and Theis in 1921. Kiintzel used 8 different proportions of 
hydrochloric acid varying from 0 to 2 gram equivalents per 1000 grams of 
dry collagen, w T hile the salt varied from 0 to 60 gram equivalents. His 
method was to treat 1 gram of the collagen with 10 ml of the particular pickle 
solution for 21 hours. After such treatment, the collagen was removed, 
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drained and weighed. The acid absorption was determined by titration of 
tiie residual pickle liquor. Kiintzel found that as the amount of given acid 
increased, the amount of acid bound gradually increased to a maximum of 
0.7 milliequivalent per gram of dry collagen—this v^lue resulting from the 
employment of 0.8 milliequivalent of acid per gram of collagen. In the 
presence of salt, the maximum acid fixation is increased slightly. Kiintzel 
pointed out that salt fixation is so slight as to be entirely negligible. He 
showed that the degree of pickling as gauged by the suppression of swelling 
is not dependent on the equivalent ratio of acid to salt. 

Kimtzel and Priesentanz, in a further study of the mode of action of 
various acids, found that at any given acid concentration, the absorption of 
Aveak acids is less than that with strong acids, but that at a given initial pH 


value the absorption of weak acids is greater. 

Table 116 illustrates this point. 


Tabic 110 





I1C1 

1I 2 S0 4 

H-COOH 

CsII#Ou 

CIJjCOOTI 

Milliequivalent acid used 

0.80 

0.80 

0.80 

0.80 

0.80 

Milliequivalent acid absorbed 

0.67 

0.70 

0.32 

0.29 

0.19 

Milliequivalent acid used 

2.00 

2.00 

2.00 

2.00 

2.00 

Milliequivalent acid absorbed 

0.70 

0.70 

0.44 

0.40 

0.30 

Initial pH 2.4 

0.035 


0.30 




From 1930 to 1942, Theis et al made a comprehensive and systematic 
study of the pickling operation. This work will be discussed under appro¬ 
priate headings throughout this chapter. 

In any discussion of the principles underlying the pickling process, there 
are a number of factors that must be considered, i.e., (a) acid concentration; 
(b) kind of acid; (c) neutral salt concentration; (d) volume of pickle solution 
in relation to skin; (e) hydrolysis and peptization factors; (f) temperature 
effects; (g) deliming effects; (h) preserving effects; (i) effect upon skin 
“grain”; and (j) effect upon subsequent tannage. 

Theis and Goetz 14 in their systematic study of pickling made use of the 
following technique. Salt-cured steer hide was soaked for 24 hours at 20° C. 
The soaked and fleshed stock was limed in a straight lime liquor, using 10 
per cent excess solid calcium hydrate, for 5 days at 20° C. After unhairing 
and further fleshing, the hide was cut into small cubes and washed thoroughly 
in running water for several hours. The washing was followed by bating at 
37.5° C, using 1.0 per cent Oropon until the proper depletion of swelling and 
neutralization had occurred. The bated cubes were then washed thoroughly 
and surface-dried. The samples for the individual pickle solutions weighed 
45 grams and measured 41 * 1 ml in volume. The weighed samples were 
placed in 450 ml of pickle solution, containing various amounts of salt and 
acid, and agitated at hourly intervals for 24 hours at 20° C. 

After such treatment, the hide cubes were again surface-dried, weighed, 
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20.0 341.6 1.13 1.36 13.3 12.0 111.1 43.6 210. 1.05 

30.0 512.4 1.13 1.36 2.3 2.0 111.1 43.6 201. 2.10 

45.0 7686 1.11 1.33 -0.5 -2.5 111.1 43.6 212. 3.50 
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and the change in volume determined. The residual pickle solutions were 
analyzed for acid, salt, nitrogen and pH value. Samples of the origin#,! 



Figure 66 


bated stock showed a calcium oxide content equivalent to 8.5 millimols of 
hydrochloric acid per 100 grams of dry stock. The moisture content of the 
bated cubes was approximately 70 per cent. 
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The Hydrochloric Acid-Salt System 

For this investigation, Theis and Goetz 14 varied the hydrochloric acid 
concentration between 12.7 and 254 millimols and the sodium chloride 



between 0 and 768.6 milliinols per 100 grams bated stock. The data obtained 
are shown in detail in Tables 117 to 122 and in Figures 66 to 72. 

Tables 117 to 122, columns g and h, and Figures 66, 67, 68 and 69 
definitely show that the amount of hydrochloric acid absorbed per 100 grams 
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of dry bated akin increases with increasing concentrations of salt. With 
increasing concentration of acid the effect of salt is of lesser degree. The 
salt effect is shown more clearly in Figure 67 when the millimols of residual 



acid are plotted versus the millimols of acid absorbed, resulting in typical 
adsorption curves. If the amount of salt used is plotted against the acid 
absorbed, curves are obtained as shown in Figure 68. From these data, it 
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is seen that the salt effect upon the individual acid curves is greatest for the 
125-millimol acid curve. The slopes of the several curves indicate that 
acid absorption by the skin is greatest between 0 and 20 per cent salt. Whereas 
above 20 per cent the salt effect upon acid absorption for any concentration 
of acid is but slight. Figure 69 shows the effect of the initial concentration 
of acid upon the amount of acid absorbed by the skin. These curves again 



tfaLpflOL 5 HCL P£R J>RV 3a 7£D STOCK 

(0*/* /A/AL //Cl CO*T£*T OSf/cxL*) 

Figure 69 


illustrate the effect of salt upon acid-absorption and definitely show that, the 
percentage of initial acid absorbed by skin is almost inversely proportional 
to the amount of original acid used. 

| fin order to determine swelling, Theis and Goetz measured both the 
weight gain and the volume change resulting from treatment with the various 
pickle solutions. The data arc given in columns e and f of Tables 117 to 122 
and in Figure 70. 

Figure 70 shows in graphical form the effect of the various acid-salt 
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systems upon swelling during the pickling operation. It is of interest to note 
that for any given acid concentration there is a definite depression in swelling 
caused by the added salt. This depression of swelling is much more pro¬ 



nounced in the region where acid solutions containing no salt gave a maximum 
swelling value. At values between 10 and 22.5 per cent salt, increasing 
amounts of acid (above 3.5 per cent) had but little further effect upon the 
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swelling of the skin. From Figure 70 it can readily he seen that between 
20 and 27.5 per cent salt there is no rise to a maximum swelling value at the 



higher concentrations of acid. For the lower concentrations of acid, the 
swelling curves decrease sharply with decreasing amounts of acid. For the 
30 and 45 per cent salt curves, it will he noted that over the whole range 
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of acid concentration there was* no swelling, but in fact a negative swelling 
effect. This negative swelling is more pronounced at 3.5 per cent acid, 
below which point the negative swelling is less, and at 0.35 per cent the high 



concentrations of salt cause a slight positive swelling. This reciprocal effect 
of acid and salt with purified collagen was also found by Kuntzel and 
Priesentanz. 
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Theis and Goetz go on to point out from the data given in Figure 70 
that the change of slope of all of the swelling-salt curves occurs in the vicinity 
of 3,5 per cent acid, or 127 millimols HOI per 100 grams dry bated skin. 
The data also show that at this acid concentration salt has its greatest effect 
upon acid absorption. This fact was attributed to the greatest excess of 
retained diffusible ions. According to Procter and Wilson, it is neither the 
concentration of the anion of the protein nor that of the ionized protein 
salt which is a measure of the swelling force, but the excess concentration of 
diffusible ions of the protein over that of the external phase. This excess 
in concentration in dilute solutions increases almost directly with increasing 
concentrations of acid; it approaches a maximum as the formation of the 
protein chloride nears completion, and then decreases as the concentration 
of the external phase increases. Therefore, since this amount of excess 
concentration is a function of both the amount of acid absorbed and the 
amount existing in the external phase, there should be a definite relation 
between these two values and the amount of swelling produced. Theis and 
Goetz show a correlation between acid absorbed and swelling by plotting 
the log of the ratio of acid unabsorbed to that absorbed by the skin versus 
swelling. These data are given in Table 123 and in Figure 71. 


Table 123. Relation between Swelling and Ratio ol Acid in Spent Liquor and m Hide. 


M mols 1101 
in stock 
(Ci) 

M mols HC1 
in spent liquor 

O* 

T C* 

Log Ci 

Por cent 

(Ci) 

Cl 

volume change 

3.4 

0.8 

0.235 

-0.628 

2 

13.55 

3.4 

0.251 

- 0.600 

17 

36.2 

189 

0.522 

- 0.283 

29 

66.9 

51.5 

0 770 

-0.144 

34 

80.0 

103.4 

1.292 

0.122 

36.5 

96 7 

150.00 

1.550 

0.190 

29.2 


Whenever C 2 < (\ there is an increase in swelling, and whenever (\ > C\ 
there is a decrease. Furthermore, the point of maximum swelling occurs 
when ( 7 2 * C h i.c at this value there is the greatest excess of diffusible ions 
within the skin Any further addition of acid, making G 2 > C r i, will obviously 
cause a decrease in the amount of excess ions and consequently result in less 
swelling. Swelling in this case may be said to be due to the flow of water 
from the less concentrated to the more concentrated solution within the skin 
which, thermodynamically speaking, causes an increase in the entropy of the 
system; in other words, the partial mole free energy of the ions within the 
skin and in the external solution must be the same. Thus the amount of 
swelling taking place during pickling is primarily dependent upon the amount 
of excess diffusible ions within the skin. 

On this basis it is quite evident, that by adding a small amount of salt 
to the skin-acid system the excess of ions will he increased, and a condition 
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exists similar to that for high concentrations of acid. Upon further addition 
of salt this effect is accentuated in that there is now a flow of water from the 
less concentrated solution within the skin to the more concentrated external 
solution, and thus a decrease in swelling results.* 

Since the excess of diffusible ions is the direct, cause for the difference of 
potential between the external and internal solutions, salt will have its 
greatest effect on repression of swelling when this condition exists and when 
the difference of potential is greatest, as is shown in Figure 70. The flattening 
of the curves for salt concentrations between 10 and 22.5 per cent salt is due 
to the fact that a reciprocal reaction took place, i.e. y the salt caused an 
increase in swelling; but because of the higher solution pressure of the salt- 
acid system this swelling was limited. This same type of reaction is 
emphasized for the higher concentrations of salt to such an extent that 
negative swelling results. 

From such data, it might appear that it is the amount of acid employed 
that is the predominating factor as regards swelling. Loeb’s 6 * 24 work on 
proteins and KuntzeFs studies on purified hide substance suggest that the 
hydrogen-ion concentration is the deforming factor for swelling of proteins 
in acid. The work of Theis and Goetz shows both the initial and equilibrium 
pH values of the various pickles used. These data are given in Tables 
117 to 122, columns c and d, and in Figure 72. From Figure 72 it will be 
noted that minimum swelling of skin in acid no salt occurred at a pH of 5.3. 
It can be seen that a pH of 1.5 corresponds to an initial acid concentration 
of 3.5 per cent, and that the point of minimum swelling (pH 5.3) occurs when 
the skin contains for all practical purposes little or no acid. Jt is also quite 
evident that the pH for minimum swelling decreases with additional con¬ 
centrations of salt. 

Theis and Goetz particularly point out that the swelling of hide or skin 
is a function of the amount of acid per given weight of tins skin and of the pH 
value of the solution, whereas the prevention of swelling is purely a function 
of salt concentrations of the pickle solution. 

The Sulfuric Acid-Sodium Chloride System 

From the practical viewpoint, the sulfuric acid-sodium chloride -pickles 
are of most interest, since they are the ones most used by American tanners. 

Theis and Goetz 14 in 1932 made an investigation of sulfuric acid-sodium 
chloride pickles. For this study, they employed a technique similar to that 
used in their previous work and dealt with the reaction of pickle liquors with 
skin and hide. Their data are given in 'Fables 124 to 130 and in Figures 
73 to 80. Theis and Goetz found that the outstanding effect of salt upon 

* As a matter of fact, it wa.s Proctor's desire to explain the pickling process which led 
him into the whole field of protein swelling. 



riL JVJjJ IV Lr 


Li l 


«J5 g * - 

IIII 

OleQ 


CM CO lO CD X X © 
l> N io O « >0 


lOONCC-fiO® 
CO X © CM l-~ 

© r-i © cm' c<i cd cd 


X CM CD t''* X _ 

55 00 © (N ^ © 00 


CM Tf* < 

CM 00 CO ^ 



g 3 



lx 


5 




C5 

Cs 


o 

3 

r/j 

2 ©©©xoooQo© 

Sg^SSaS^iSSS 

o 

© 

14.9 

24.0 

29.8 

45.0 

50.0 

50 

58 

3 

m 

d 

CM©«DO©CM©r-r 

1 

o3 

S-T^ 

1 

03 


o< 

-H> 

03 

© 


© 


© 




>< 

u 


>■» 


Im 

d 


n3 


d 


r/> 


§ 

_ "0 

COS — ©CDi0»0©©CDCM 

cn 

a 

l> © © CO co CM © © 

a 

a 

NWNooqqqq 

cC 

wb 

fc* So^i 3d © t'-i oo oq © © »d id 
C^C © 00 X 00 00 c»o © © 

o © 

§ 

bf 

© cd v* t ^ id »d >d ' 

© © © ©,© © © © 

& 

8 

© © d lO CD h* l> 
X © © © © © © © 

8 

o 

8 




& 6 tv 

•* t/J 


K"S ^ rH CO CD CO GO O0 CM © 

KiaRXhlN'-'HfHHH^^ 


W -J< „ _____ . 

g $5 'bit CM r-j t-J rH »-J *-< ^ " 

2 3 M cdoocdcdcdcdcoco 

= “? 


o 

r/j 


W5CONN 

xxodxadxodc© 


o 

X 


© rH © rH CM 00 CO CO 

»o cd co i> t-i>.‘ i> t- 


r- 

to 

CO 


i > - CMOOOOOOO 


^ © CM © © © CM ‘C w 


© 

00 


I 1 I 


I s * CD CO 1* iq ^ © 

ai co cm © rH csi in! © 

III) 


h3 

u 

& 

c 

r; 


o 

a 

■rH 

0/ 


si ’-ho »q 

5: i CM © O © © © r-I rH 
£ 


00 © >o 

_ iq iq on QC © © CM 1 -H 
’ T»i CD © © W l> 1"* 


& 

6 

w 


oo © cq h cm r- 
n oi h d © o h c 
I I 


© rH Q CM © © »0 H 

w *q © © © cm © oq 

CO CD id rf -rf »d rh rfi 


£ 

*3 

HHOOONiO'flN 
r>. l-r. t^« <£> CD © CD © 

s 

lO 

COCOCO©X^t-'T-t< 
co oq cq cm cm cm cm 


CM 

li- 

CM CM CM CM CM' CM CM CM 

CM CM CM CM cl CM CM CM* 


o 

2 


m 

X 


HO © r-H rH »q X O 

© h © © d cm »d id 

I I I I 


CM t— I"- GO *0 00 CO 

Hi<hN®HHH 

cd cd cd cd co Tf h| 5 rf 


9 x ■*£ © © oc co ^ 

.£ © © © 05 © © © ofc 

Pm cm cm cm »h h -4 —I ^ 


»o 

CM 


-O 

ce 

H 


Js S ifQOHiOWOlC 

Sg-jeo^ssgg^g 

|5-| 


H 


H 0C‘ rH IO CM © »0 


© 

c5 

H 


^ co *h «o in o io 

© ^ 00 CD g © Tp eg 


o 

oi 

A 


sis°iSgS88S§ 

'Ll’ZS H^COIONC 

§8, 


°SSS8S88S 

rH CM CO 25 ^ C 


°£ggSgg? 



Table 127. Ten Millimols H*S0 4 per Liter {35.7 Miilimols HgSLL per 100 grams dry bated stock). 
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hydrochloric acid absorption was that the amount of acid absorbed due to 
salt was a function of the sodium chloride concentration. Furthermore, 
the amount of acid absorbed duo to salt increased to a maximum and then 
decreased. This phenomenon was partially explained on the basis of the 
Donnan Membrane Equilibria Theory, in which the increase in acid absorbed 
due to salt functions to maintain a chloride equilibrium between the internal 



Figure 73 


and external phases. On this basis, one might expect that a similar result 
would obtain for the sulfuric acid-sodium chloride pickles. Thcis and Goetz 
found that this is not the case. Reference to the data given in Tables 124 
to 130 and in Figures 73 and 74 shows that salt has but very little effect upon 
increasing acid absorption. Kuntzol and Priesentanz working with collagen 
noted that sodium chloride had no effect on sulfuric acid absorption. 

In considering and interpreting the reaction of the two systems, 
H 2 SO 4 --Nad and llCl—NaCl, the following may be set down in rather 
categorical fashion: 
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( 1 ) There is not the common ion effect in the system H 2 SO 4 NaCl as 
there is in the IKT NaCl one. In the former, the divalent S0 4 * ion tends 
to increase the FD ion absorption to a greater degree than the monovalent 
(T ion. Consequently, any effect that salt (NaCl) may have on increasing 
acid absorption to a maximum should occur at a sulfuric acid concentration 
much less than that concentration of hydrochloric; acid necessary for maximum 
absorption. 

(2) In most adsorption phenomena involving acids, the H + ion of the 



Figure 76 


acid is adsorbed to a greater degree in the presence of anions different from 
the anion of that acid. Due to the presence of sodium chloride in the 
II2SO4 —NaCl system, such a condition would be induced. 

(3) With increasing valency there is an increase in adsorption equivalents, 
particularly at low concentrations of acid. Hoffmann and Gortner, 4 working 
with gelatin, showed that for high concentrations of electrolytes typical 
adsorption takes place. Kuntzel and his collaborators maintain that the 
Donnan Equilibria Theory does not apply to acid-salt-collagen systems. 
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In all probability the high concentrations employed in their work and the 
adsorptive phenomena have a considerable effect in this respect. The 
Dorman effect has been applied by workers in protein chemistry to the 
colloidal state of protein dissolved in water, whereas Martin Fischer 2A main¬ 
tains that in dealing with skin collagen, the condition is similar to a water- 
in-protein system, resulting in a concept that should tend toward the applica¬ 
tion of the laws of concentrated solutions rather than those of dilute solutions. 
Theis and Goetz, however, maintain that the Donnan concept should obtain. 



Theis and Goetz show in Figure 74 that there is a slight increase in 
sulfuric acid absorbed due to salt at low concentrations of acid and that, 
furthermore, this increase is greatest for the original acid concentration of 10 
millimols per liter. Not only was the acid absorption greatest at this point 
but likewise the salt absorption, as can readily be seen from Figure 75. The 
general trend of the salt curves and the acid curves correlated with protein 
sol formation tend to indicate that absorption of both acid and salt are 
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dependent, at leant to some degree, upon the number of protein linkages 
available, which are controlled by the acid and salt concentration. This 
postulation is in agreement with the expressed ideas of Thomas 22 and 
Gortner 3 in that apparently the Cl ion causes an increase in protein hydrol¬ 
ysis, whereas the effect of the SO^T ion is almost negligible. The presence of 
both Cl~ and S0 4 ~ ions in a sulfuric acid pickle causes an “antagonistic” effect. 



Figure 78 


Theis and Goetz found that maximum acid absorption was obtained with 
with an original acid concentration of 20 millirnols H 2 SO 4 per liter or with 
71.4 millirnols H 2 SO 4 per 100 grams of dry bated skin. Any amount of acid 
in excess of that required for maximum absorption was unnecessary insofar 
as complete pickling was concerned. The per cent of original arid consumed 
by pickling with the various acid and salt combinations is shown in Figure 7(>. 

Skins that are pickled for preservation after bating would of necessity 
need to retain a considerable amount of acid. Theis and Goetz noted this 
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fact in their investigations; hide which had been pickled with 35.7 millimols 
of acid per 100 grams of dry bated stock became putrid after 4 days’ exposure 
to moist air. In this regard, the salt retained by the skin will be a necessary 
factor in retarding putrefaction and mold growth. „ 

Due to the slight influence upon sulfuric acid absorption, the effect of salt 
upon the pH values of the equilibrium pickle was more pronounced than the 
change of pH value that would result from acid absorption due to the amount 



Figure 79 


of salt in the pickle, as was the case with hydrochloric acid. This difference 
can be observed by a study of the pH values of the pickle solutions before 
and after pickling as recorded in columns c and d of Tables 124 to 130. The 
difference in pH values for the different salt concentrations may be attributed 
chiefly to the effect of salt upon the increase in 11+ ion activity, because the 
amount of acid absorbed was practically the same for the different- salt con¬ 
centrations. It should be emphasized that this effect was more pronounced 
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for the higher concentrations of acid, and is a factor that should be considered 
in the control of sulfuric acid-sodium chloride pickle solutions, particularly 
when the amount of skin placed in such pickle liquors varies and when, in 
consequence, the ratio of skin to volume of liquor becomes a variable quantity. 
Figure 77 shows that maximum acid absorption occurs between the values of 
pH 2.0 and pH 1.5, and even though this is an apparently small range, it 
required originally the addition of twice as much acid to give the lower pH 
value. 



The swelling, in terms of weight gain and volume change 4 , taking place in 
the various sulfuric acid-salt pickles, is shown in columns c and f of Tables 
124 to 130 and in Figures 78 to 80. From these data, it can be observed that 
for the highest concentration of acid used, namely, 40 millimols H 2 SO 4 per 
liter, or 122.8 millimols per 100 grams dry bated skin, about 475 millimols of 
salt per liter was sufficient to prevent swelling, fn general, 400 to 500 
millimols of salt were sufficient to prevent swelling for all concentrations of 
acid used. High concentrations of soldium chloride resulted in a dehydrating 
effect. Comparing such data with that, obtained for hydrochloric acid, it is 
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seen that the same concentrations of salt were sufficient to prevent swelling 
for all the concentrations of acid employed. 

Figure 79 shows the effect of salt concentration upon swelling when the 
data were plotted versus equilibrium pH value 1 . Again, the similarity of the 
trend of those curves to those of hydrochloric acid is apparent. However, 
there is this significant difference: the maximum swelling of skin in a sulfuric 
acid solution (no salt) is considerably less than that with hydrochloric acid. 
Figure 80 shows this comparison. It can readily be seen from part A of this 
figure that there is divergence from the osmotic effect, which is particularly 
evident at pH values greater than 3.3, where the volume change with hydro¬ 
chloric acid was less than with sulfuric acid. The specific ion effect upon 
protein peptization and upon adsorptive phenomena no doubt, plays an 
important role in this capacity also. It is interesting to note that even 
though the hide showed different, swelling capacities in the different acids, 
the depression value of swelling by salt was practically the same. This 
would be expected from a consideration of both the osmotic concept and the 
alternative theory of swelling worked out by Tolman and Stern, 23 and based 
only upon adsorptive phenomena. 

The Time and Temperature Effect 

Theis and Goetz 15 in 1932 made a study of the time and temperature effect 
upon the pickling of bated skin. Their technique was as follows: 25-gram 
samples of bated skin were placed iri 250 ml of pickle solution, containing 25 
millimols of sulfuric acid per liter (83.2 millimols acid per 100 grams dry 
bated skin) and 500 millimols of sodium chloride per liter. The initial pH 
value of the* pickle was 1.13. A series of such samples was then placed in 
thermostats at various temperatures and allowed to remain for varying 
periods of time. The pickled skin was removed from the pickle solution and 
the residual liquor analyzed for acid, salt, dissolved nitrogen and equilibrium 
pH value. The .skin samples were surface-dried, and the percentage volume 
and weight gain were determined. The data obtained are shown in Table 
131 and in Figures 81 and 82. 

If Table 131 is analyzed, it is seen that both temperature and time play a 
part in pickling. With regard to acid absorbed over a temperature range, 
it may be readily seen that in the early stages of pickling, temperature 
increases the rate of acid absorption. Beyond 8 hours’ contact with the 
pickle solution, acid absorption becomes more or less constant for all the 
temperatures used. For any given time interval, such as 1, 2, 4 or 8 hours, 
temperature increase up to 32° apparently increases acid absorption; beyond 
32°, increase in temperature causes decreased acid absorption and marked 
increase in dissolved nitrogen. These data are shown graphically in Figure 
81. Column g (Table 131) shows the salt absorption and indicates that most 
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Table 131. Effect of Time and Temperature on Pickling of Steer Hide 


Original Pickle Solution: 

500 Millimola N at '] per Liter 

25 Millimols H 2 S0 4 per Liter (83.2 Millimols per 100 gms dry bated hide) 
pH—1.43) 


JTrs in 

Tem¬ 

perature 

of pickle 

pickle 

(° O) 

(a) 

(b) 

7.0 

20.0 

1 

25.0 

32.2 

37.5 

7.0 

20.0 

2 

25.0 

32.2 

37.5 

7.0 

20.0 

4 

25.0 

32.2 

37.5 

7.0 
20 0 

8 

25.0 

32.2 

37.5 

7.0 

20.0 

12 

25 0 

32 2 
37.5 

7.0 

20.0 

18 

25.0 

32.2 

37.5 

7.0 

20.0 

25 

25 0 
32.2 
37.5 


-—Per rent Change—. 


wt, 

Vol 

(0 

(d) 

8.8 

6 A 

6.4 

4.3 

6.8 

4.3 

7.6 

4.3 

3.6 

4.3 

8.0 

5.0 

6.4 

4 3 

6.0 

3.7 

6.2 

2.8 

2.0 

0.0 

7.6 

4.3 

6.4 

43 

5.6 

0.0 

6.0 

0 0 

0.4 

-4.3 

6.4 

2.2 

6.4 

2.2 

2.4 

-22 

4.4 

-2.2 

1.3 

-4.3 

6.4 

2.2 

4.3 

0.0 

5 1 

0.0 

6.4 

4.2 

-2.8 

-8.8 

4.4 

2.2 

3.7 

2.2 

2.8 

0.0 

4.4 

0.0 

-6 5 

-8.8 

3.1 

0.0 

4.8 

0 0 

2.3 

-2.2 

5.5 

0.0 

— 8.0 

-10.5 


Final 

Millmmls 
H*80 4 
connumcd 
per 100 

pll of 

gms dry 

pickle 

stock, 

(e) 

(0 

1.63 

29.7 

1.67 

31.6 

1.69 

32.9 

1.77 

36.2 

1.63 

34.8 

1.69 

36.2 

1.72 

40.8 

1.79 

42.8 

1 77 

43.5 

1.82 

42.8 

1.76 

44.8 

1.79 

46.7 

1.81 

48.0 

1.84 

49.5 

1.84 

46.5 

L86 

50 6 

1.89 

50.6 

1 84 

50.6 

1.84 

51.5 

1.84 

— 

1.87 

52.1 

1.82 

51.5 

1.91 

53.4 

1.87 

52 .J 

1.87 

48.0 

1.87 

52.7 

i .91 

50.8 

1.87 

51.5 

1 91 

52 0 

1.81 

44.8 

1.79 

53.2 

1.76 

48 6 

1.82 

54.7 

1.79 

51.6 

1.84 

48.3 


Grams 

Mg 

NaCl con¬ 

nitrogen 

sumed per 

per 100 

IDO gms 

gm dry 

stock 

stock 

(g) 

(Id 

0.94 

14.0 

1.17 

14.0 

1.09 

23.2 

1.02 

32.6 

1.17 

m.o 

1.02 

18.6 

1.25 

32.6 

1.09 

32.6 

1.25 

46.5 

1.17 

216.0 

1.25 

32.6 

LJ7 

32.6 

1.33 

32.6 

1.25 

46.5 

1.33 

381.0 

1.48 

32.6 

1.02 

41.8 

1.40 

46.5 

1.29 

81.5 

1.21 

768 0 

1 25 

37.1 

1 09 

37.1 

1.17 

46.5 

1.33 

112.0 

1.17 

1090.0 

1.25 

46.5 

1.02 

46.5 

1.17 

46.5 

1.17 

144.0 

1.17 


1.17 

51.2 

1.29 

53.5 

1.29 

81.4 

1.17 

241.0 

3.40 

2310.0 


of the salt is taken up by the skin immediately after immersion in the pickle 
liquor. It would thus appear that neither time nor tempi*rature plays much 
of a part in this case. 

The effects of time and temperature are both apparent in the case of weight 
and volume change of the skin. Temperatures below 10° apparently increase 
the weight and volume change; but above this temperature, little or no change 
is noted until the temperature is increased beyond 32°. In all cases at 37.5°, 



PICKLING 


283 


the weight and volume change was drastically decreased. This is to be noted 
from columns c and d Of Table 131 and also in Figure 82. If we follow this 
weight and volume change, for any given temperature, over a period of 
pickling time, we find that hydration and swelling occur within the first hour 
of pickling, beyond which time the swelling steadily decreases. Such initial 



swelling (during the first hour) is undoubtedly due to the very rapid absorp¬ 
tion and combination of the acid by the skin which occurs during the early 
part of the pickling period. Beyond this period the dehydration effect of the 
salt comes into play, and a shrinkage of the skin takes place. 

Column e of Tabic 131 shows the change in final pH value of the pickle 
liquor with time and temperature. It is obvious from these data that the 
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final pH value of the pickle solution is increased with both time and tempera¬ 
ture during the early stages of pickling. This effect of temperature is not 



TEliPWlATUBE OF PICKLi; (°c) 

Figure 82. Effect of Temperature of Pickle upon Weight Change and upon 
Acid Adsorption after Various Periods of Time of Pickling. 


apparent, however, in the case of 18 and 25 hours of pickling, probably because 
an equilibrium state was attained during this increased time, regardless of 
temperature of reaction. 
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Hydrolysis and Peptization of Skin 

If residual pickle liquor is allowed to stand for a length of time or is heated, 
coagulation of the soluble proteins usually occurs. This coagulated substance 
undoubtedly represents: (a) coagulable proteins remaining within the skin 
after bating and dissolved from the skin by the salt solution during pickling; 
(b) simplified proteins, produced by acid hydrolysis and thus rendered soluble 
in the pickle liquor; and (c) coagulated proteins, existing within the skin, 
which arc resistant to the action of the soaking process, but are partly 
reversed to the non-coagulated state 1 by the action of the alkaline lime and 
btyte, and then dissolved out by the salt during pickling. 

Theis and Goetz 14 gave some little attention to the combined effect of salt 
and acid upon protein sol formation and the resulting action between the 
acid-salt, system and hide substance. Previous workers have more or less 
neglected this phase of pickling. Thomas and Foster 22 found that all halides 
increase the hydiolysis of hide substance 1 , whereas sulfates inhibit hydrolysis 
in neutral solutions. Gortner, Hoffmann and Sinclair, 3 in an extensive study 
on the effect of different salts and different salt concentrations upon sol forma¬ 
tion, found that, the degree of peptization was due to the specific influence of 
the anions which wore- present in equivalent, concentrations. Pfeiffer, 
Wurgler and Witka 8 found that definite and fairly stable compounds were 
formed between halogen salts and amino acids, with a considerable increase 
in solubility of the amino acids. The work of Osborne 8 on edestin showed 
that, the change in globulin by salt was affected by the kind of salt and the 
amount of acid, and that the II 4 ion might be the active catalyst. Changes 
in hydrogen ion concentration may bring about molecular rearrangement, 
such as a shift, in the keto ^ enol isomerism, whereby additional reactive 
groups are formed within the protein molecule. The cause of the variations 
obtained with different salts and acids upon protein rearrangement and 
peptization is in all probability very complex, involving the structural 
cohesional forces within the protein network, secondary valence, polar groups, 
degree of hydration, specific ion effect, electrokinetic forces, adsorptive 
effects, and others still unknown. Based upon the work of Stiasny, Pfeiffer 
and others, Gustavson* reasoned that the first effect of a neutral salt upon 
protein rearrangement is tin* combination of the salt with the polypeptide 
chain; this lessens the attraction of these units for one another by using up 
some of the secondary valence forces which initially bound them together. 

The foregoing definitely indicates that the pickling process is essentially 
a very complex one; and it might be reasoned that the action of salt and acid 
is to cause a break-down of the skin collagen in such a way as to bring about 
combination of the acid and salt at certain centers which were previously 
utilized as cohesional bonds between the polypeptide chains. In the pH 
range 1.5 to*2.5, normal pickling does not cause additional acid to bind with 
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the protein over that normally obtaining for that particular pH value, in the 
absence of added salt. The effect of salt, is twofold: the one to control 



Figure 83 


swelling, and the other to cause even distribution in acid-fixation throughout 
the skin. 

Theis and Goetz determined the dissolved nitrogenous substances in both 
their HC1 -NaCl and H 2 S() 4 " NaCl pickle solutions after equilibrium had 
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* 

been attained. Figures 83 and 84 show such data as were obtained. For the 
HOI-—Nad systems, these investigators note the following two main facts. 
The first is that, at very low acid concentrations, the addition of salt greatly 
increases the dissolved nitrogen. This is evident for all salt concentrations, the 
dissolved nitrogen reaching a maximum value at about 15 per cent salt. The 
second fact is that, at higher acid concentrations, the dissolved nitrogen for 

* 



any salt concentration decreases below that of 0 per cent salt, undoubtedly 
because of the retardation of the hydrolysis effect of the acid present. The 
dissolved nitrogen, however, for any given salt concentration increases with 
the increase in acid content, each increase' in salt content decreasing the 4 
amount of dissolved nitrogen below that of the next lowest salt concentration. 

Thus, with the HOI—Natl pickle solutions, the effect of salt was, in 
genera], to decrease formation of protein sol, as gauged by dissolved nitrogen 
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content. However, in the range of maximum acid-absorption due to salt 
concentration, the sol formation was more or less constant. 

Figures 85 and 86 indicate the hydrolysis taking place in the sulfuric 
acid-salt pickles. It can be seen that there is a slight increase in protein sol 
formation with increase in salt, and a decided increase with increase in acid 
up to 30 millimote per liter, and then a decrease. In Figure 66 it was shown 



Ortywaf Mtlh Mo/s /-^r Lifer 

Figure* 8f> 

that there is a slight increase in acid absorbed, due to salt at low concentra¬ 
tions of acid, and that this increase is greatest for an initial acid concentration 
of 10 millimols per liter. At this concentration of acid, the* effect of salt upon 
protein hydrolysis appears to be negligible. However, at concentrations 
greater than 10 millimols acid per liter, sodium chloride has some small effect 
upon the amount of nitrogen dissolved from the skin, but it would appear 
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that the initial hydrochloric acid concentration plays the more predominant 
role in sol formation. 

Since the acid and .salt content of the pickle play a role in the peptization 
of the proteins, this factor must he affected by time and by temperature. 
Theis and Goetz studied this factor, and the data are shown graphically in 
Figure 87, These data show that in the early stages of pickling, and at any 



reasonable temperature, the amount of dissolved nitrogen increases almost 
as a linear function with a steep slope; but that after some 4 hours, the slope 
decreases and the curves flatten and appear to assume an asymptotic condi¬ 
tion. This is particularly the case of temperatures of 8°, 20°, and 25°. At 32 
and 37°, the hydrolysis and peptization of the proteins is greatly increased 
and is, in all probability, due to the actual break-down of the collagen of the 
skin, such as would be expected in an acid solution at such temperatures. 
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Thi$ temperature factor is an important one, since in the summer season 
some tanners use water which is exposed to the atmosphere for a long time, 
and may thus easily have a temperature greater than 25°. 



Figure 87, Effect of Time of Pickling upon Nitrogen Sol Formation for 
Various Temperatures of Pickle. 

In general, and by a comparison of protein hydrolyzed by the HOI ~ NaCI 
pickle, the H 2 SO 4 — Nad system should give a more solid and firmer piece 
of leather, and this condition is manifested in plant practice. Practice has 
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Table 130. Comparing Values of Concentration of Acid Inside and Outside of Pickled Skin. 


Dilution 

Ci 

(h 

1 

2 

<V<'i 

Per Cent Acid 

Lom<j Co Oj 

Volume change 

2:1 

34.64 

0.96 

.0276 

- 1 5575 

- 4.76 

4:1 

34.36 

1.24 

.0362 

- 1.4413 

- 5.95 

0: \ 

33.86 

1.74 

.0514 

- 1.2890 

- 8.33 

10:1 

32.84 

2.76 

.0840 

- 1.0757 

- 9.52 

15: 1 

33.30 

2.30 

.0690 

-1.1510 

-7.14 

20: 1 

32.40 

3 20 

1 

.0989 

Per Cent Acid 

- 1.0048 

-7 14 

2: l 

78.20 

1.71 

.0219 

- 1.6596 

-4.76 

4: l 

77.80 

2.10 

.0270 

- 1.5686 

0.0 

0: 1 

76.00 

2.93 

.0386 

-1.4134 

-3.57 

10: 1 

74.40 

5.50 

.0740 

-1.1308 

- 2.38 

15: 1 

72.10 

7.78 

.1078 

- 0.9674 

+ 5.95 

20: l 

69.40 

10.55 .1522 

J \ Per Cent Acid 

-0.8176 

+ 21.4 

2: 1 

113.35 

10.75 

0948 

- 1.0232 

-3.57 

4: 1 

111.70 

12.40 

.1110 

- 0.9547 

- 4.76 

6: 1 

99 70 

15.10 

.1513 

- 0.8202 

- 4.76 

10: 1 

103.70 

20 40 

.1955 

- 0.7088 

4 2.38 

15: l 

J 00.70 

23.40 

.2325 

-0.6336 

+ 21.4 

20: 3 

95.60 

28 50 

.2980 

0.5258 

H 33.4 


determined that the sulfuric acid-sodium chloride system is preferable in 
practically all respects to the one employing hydrochloric acid. 

The Effect of Volume Ratio 

In their original studies, Theis and Goetz had employed a ~olume ratio 
of. 10 parts of pickle liquor to one of bated skin. Since in actual practice the 
volume ratio may vary within wide limits, depending upon whether wheel or 
paddle pickling is employed, Theis and Serfass 18 made a detailed investigation 
dealing with this factor. 

For their experimental w ork, green salted hides were soaked for 24 hours, 
and then limed for five days in straight lime liquor. The hide was then 
unhaired, well fleshed and bated for one hour with Oropon. The bated skin 
was then cut into cubes of J" edge and was then used for the pickling work. 
Samples of 45 grams were placed in 100-ml graduates, which in turn were 
filled to the mark with water; thus the volume of the cubes was measured. 
These weighed samples were then placed in the various pickle solutions. 
After pickling for 24 hours, the samples were again weighed and the change 
in volume measured. The residual pickle liquor was tested for pH value, 
salt and acid concentration. 

Three series of pickle liquors were made. Each of the liquors contained 
30 grams of salt for each 100 grams of bated skin, and in each series the acid 
was varied from 0.5 to 1.5 per cent hydrochloric acid. The volume ratios 
were varied from 2 to 1 to 20 to 1. The data obtained are shown in Tables 
132 to 136 and in the various figures. 
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Figure 88 shows the effect of volume ratio upon the swelling of the skin 
during pickling. Here it is seen that for one-half per cent acid the skin during 
pickling loses weight until a ratio of 10 :1 is reached, at which point an equi¬ 
librium is apparently reached. In the case of one per cent acid there is a 
steady decrease in swelling (weight change) until a volume ratio of 10 :1 is 
reached. As the volume ratio increases there is then a steady increase for 
swelling. For 1| per cent acid a decrease in swelling occurs up to and includ¬ 
ing a volume ratio of 6 :1; then as the volume ratio increases there is a sharp 
and steady increase in swelling. Figure 89 shows the equilibrium pH value 
of the pickles plotted versus volume ratio. This figure is rather interesting, 
as it indicates that, regardless of the volume ratio (and therefore a varying 
acid and salt concentration), 0.5 per cent and 1.0 per cent acid concentrations 
(based on the bated skin weight) do not change with regard to equilibrium pH 
value. In the case of the 1.5 per cent acid however, the equilibiium pH 
increases steadily over the entire dilution scale. 

Figure 90 show T s the percentage of the total initially added acid which is 
absorbed by the skin, and Figure 91 shows the exact amounts of acid absorbed 
during pickling. It is interesting to note for the 0.5 per cent acid series that 
in practically all volume ratios 95 per cent of the acid is absorbed, and for 
the 3.0 per cent acid series 90 per cent and over is absorbed. For the 1,5 per 
cent series, the efficiency is not so great, the values varying between 77 and 
93 per cent absorbed. Figure 91 indicates that the ratio change has little 
effect upon the acid absorption. For Hie series of 1.0 and 1.5 per cent acid 
there is a slight decrease in acid absorption with increasing dilution. 

If from the miliimols of acid absorbed by 100 grams of dry bated skin is 
substracted 8.5 (miliimols used in reacting with Ca ++ ) we have the value of 
acid actually absorbed by the skin proteins, which we shall call Ci. The 
miliimols of acid remaining in the residual solution w^e shall call C 2 . If the 
ratio of C 2 /Ci is taken and the logarithm of the ratio plotted against volume 
change, we obtain curves as shown in Figure 92. 

This figure presents an interesting picture in that it supports the suggestion 
made repeatedly by TJieis and Goetz, namely, that the Donnan Equilibria 
theory adequate!}' explains many of the reactions taking place during the 
pickling process. A. study of the data show r s, for the 0.5 per cent acid series, 
a gradual decrease in swelling results as the volume ratio is increased, or as 
C 2 approaches Ci. In other words, the effect of the initially added acid upon 
equilibrium is practically all within the skin; as the initial solution, both acid 
and salt, becomes more dilute, the salt has more effect than the acid, and 
negative swelling results. In the 1.0 per cent acid series, however, because 
of the acid and salt concentration at the dilutions (a), (b) and (c), the acid 
inside the skin remains practically the same as docs the outside solution. 
Beyond (c), however, the acid concentration inside the skin decreases and that 
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outside increases, resulting in a flow from the outside solution into the skin; 
this is indicated by the upward trend of the curve. For the 1.5 per cent acid 
series (d), (e) and (f) have the same swelling because of values for Cg/CV 
Beyond (f), there is a decided drop for Ci and thus an increase for C 2 , resulting 
in flow of solution into the skin, as shown by great swelling. These data as a 
whole substantiate the use of the Dorman Membrane Equilibrium theory as 
applied to pickling of animal skin. 

In the studies just given, Theis and Serfass varied the ratio of pickle liquor 
to bated vskin from 2 to 1 to 20 to 1, but allowed the salt and acid to vary with 
the dilution. Tn tanning practice, any ratio from 4 :1 to 10 : 1 is used, and 
it is common practice to use a pickle liquor of standard specific gravity. .This 
gravity may thus represent a salt concentration of from 6 to 14 per cent. 
For this reason, Theis and Serfass repeated certain of their experiments, 
employing a 0 per cent salt solution regardless of dilution, but used an acid 
concentration of 1 per cent based upon bated skin weight. In all the former 
work the bated skin, after being cut into small cubes, was blotted between 
towels to remove surface liquor before weighing. This procedure was again 
followed after removal from the pickle liquor. The work given in this section 
of the paper was performed in this way; hut, in addition, another set was 
centrifuged for 10 minutes after bating and before weighing the individual 
samples, after pickling, and before weighing. Thus the volume change was 
determined. The surface liquor was removed by centrifuging, as was some 
of the liquor held loosely between the skin fibers. Data for these experiments 
are given in Table 135 and in Figures 88 to 91. 

Figure 91, curves d and c shows, for both the centrifuged and uncentrifuged 
series, that the acid absorbed by the skin decreases slightly with dilution. 
This decrease is of about the same order as was the case when the salt con¬ 
centration varied (curve b). Curve d shows that the acid absorption is 
slightly greater for a constant salt concentration. This is to be expected at 
the greater dilutions, since salt causes an increased absorption of acid by the 
skin. Curve a in Figure 90 shows this same effect. In the lower dilutions or 
ratios the percentage of total acid absorbed is less, but at greater ratio the 
percentage absorption is greater because of the higher salt centration (6 per 
cent constant salt concentration), as represented by Curve a (compare with 
Curve b). Curves a and b in Figure 88 show the swelling taking place as the 
ratio of pickle liquor to bated skin is varied with a constant salt concentration. 
Upon comparing Curve a with Curve d, it is seen that the constant salt con¬ 
centration retards swelling at the higher ratios but at lower ratios the swelling 
is greater. Curve b represents the series in which the bated and pickled skin 
was centrifuged for 15 minutes before weighing, and as a consequence of this 
treatment the trend of the curve is somewhat different from that of Curve a. 
During centrifuging of the bated skin, much of the solution loosely held within 
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Table 137. 1.5 Per Cent HC1 and Varying Concentrations of NaCl. 


% NaCl 

% Total 

% NaCl 

% of Total 

% Wt gain 

solution 

NaCl absorbed absorbed by skin acid absorbed 

m Fickle 

0 

0.0 

0.00 

90.6 

45.0 

2.5 

14.4 

1.44 

92.8 

14.6 

5.0 

15.6 

3.12 

93.5 

-15.8 

7.5 

18.8 

5.64 

95.0 

-11.4 

10.0 

18.4 

7.34 

96.3 

-15.4 

15.0 

15.2 

9.10 

96.3 

- 9.6 


1.5 Per Cent HsSO« and Varying Concentrations of NaCl 


0 

0.00 

0.00 

94.3 

4-24.4 

2.5 

10.00 

1.00 

95.5 

-11.2 

5.0 

11.10 

2.22 

96.0 

-11.0 

7.5 

30.53 

3.16 

95.1 

- 8.6 

10.0, 

13.00 

5.20 

97.0 

- 8.3 

15.0 

24.83 

14.90 

98.3 

- 8.2 


1.5 Per Cent Phosphoric Acid and Varying Concentrations of NaCl 


0 

0.00 

0.00 

61.2 

4-26.2 

2.5 

21.60 

2.16 

56.1 

+ 08 

5.0 

22.00 

4.40 

56.0 

4- 0.2 

7.5 

22.20 

6.66* 

57.0 

+ 30 

10.0 

23.30 

9.32 

59.8 

+ 2.0 

15.0 

22.07 

13.24 

62.8 

+ 9.6 


1.5 Per Cent Acetic Acid and Varying Concentrations of Nad 


0 

0.00 

0.00 

74.6 

- 8.6 

2.5 

22.00 * 

2.20 

82.2 

+ 3.8 

5.0 

23.00 

4.60 

86.7 

+ 10.8 

7.5 

20.93 

6.30 

85.6 

+ 9.2 

10.0 

20.90 

8.40 

86.7 

+ 4.2 

15.0 

20.00 

12.00 

89.4 

- 3.8 


1.5 Per Cent Oxalic Acid and Varying Concentrations of NaCl 


0 

aoo 

0 00 

98 4 

+ 48.2 

2.5 

22.00 

2.20 

93.8 

-21.6 

5.0 

21.20 

4.24 

95.5 

- 94 

7.5 

— 

— 

95.0 

- 7.8 

10.0 

19.50 

7.80 

95.0 

- 9.2 

15.0 

20.30 

12.18 

91.8 

- 6.8 

the skin 

was removed. 

This treatment resulted 

in a greater take-up of salt 


and water upon placing in the pickle liquor, thus reducing the salt concen¬ 
tration of the external solution. At the higher dilution ratios greater swelling 
resulted. 


Various Acid-Salt Systems 

Theis and Serf ass 19 in 1935 investigated the pickling effect of such acids as 
phosphoric, acetic and oxalic, used in conjunction with sodium chloride. 
Their experimental technique was as follows; bated skin was placed in a 
pickle solution in the ratio of 1 part skin to 4 parts pickle solution; the pickle 
solutions were made 1.5 per cent acid, based upon the bated skin weight and 
the salt concentration varied from 0 to 15 per cent based upon the solution; 
the acids used were hydrochloric, sulfuric, phosphoric, acetic, and oxalic. 
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The pickling period was 2-1 hours at 20°. The data obtained are shown in 
* Table 137 and Figure 91. 

Figure 94 shows the effect of various acid-salt pickles upon swelling of 
bated skin during pickling. It would appear that each acid affects swelling 
differently and each has its own characteristic type of effect. The curves 
for hydrochloric and sulfuric acid are similar in trend, but those for phos- 



Figure 94 


phoric, acetic and oxalic are entirely different. This is undoubtedly due to 
the different amounts of the respective acid absorbed by the skin. In the 
case of the hydrochloric acid-salt pickle, we have a common ion effect, which 
is not the case in the other pickles used. When 1.5 per cent of the several 
acids is employed it is found that hydrochloric acid and sulfuric acid are 
almost completely absorbed for all concentrations of salt. Phosphoric acid 
is less than 66 per cent absorbed at any salt concentration. The absorption 
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of acetic acid increases with the salt content of the pickle, and the absorption 
of oxalic acid decreases with increasing salt concentration. 

The Dorman Equation 

Theis and his students have repeatedly claimed that the effect of salt 
upon acid absorption can readily be explained by a consideration of adsorptive 
phenomena or the Donnan Equilibria. 

When the Donnan theory is used for explaining the effect of salt upon acid 
absorption by animal skin, we are accepting an ideal case of a perfect semi- 
permeable membrane and not necessarily a chemical combination between 
the diffusible and non-diffusible ions or molecules. With hide or skin the 
so-called membrane effect is not even as perfect as that obtained with gelatin; 
furthermore, there is a combination of a very complex order. Jordan Lloyd, 
while not disputing the validity of the Procter-Wilson theory of swelling, 
points out that it should be modified in t he case of structured proteins. She 
maintains that the Donnan equations were worked out for diffusion into such 
a volume that surface forces might be neglected; that for structured proteins 
the diffusion is into a set of capillary tubes; and that the charged centers and 
other linkages of the protein undoubtedly play an important part in the 
swelling phenomenon. Therefore, to apply the Donnan theory to skin protein 
in the same manner as that for the soluble proteins is to change from a more 
or less quantitative method to one of qualitative nature. Therefore, to 
explain acid absorption and swelling of skin by the use of the Donnan equa¬ 
tion, we must first consider it as an ideal case. In applying this theory, it 
is assumed that the reader is familiar with the principle of this theory, since 
it has been explained in detail in Volume 1 of the second edition of this 
monograph. 


Let x ** (H + ) ~ (01") in the external solution and 
y - (H + ) held within the skm 
z « (Hide protein combined with li + ) 

V + z- (CD) 

then 

x l “ y (y z) or 
2x < 2y + z or 
2x 4- e * 2 y -f z when 

e - excess of concentration of diffusible ions inside the skin over the external phase 
or to set up equilibrium. 


Initial State 
Collagen I 11+ + Cl" 


(Cl"), 

(CD), 



[(IP) + (C1‘)]| 

[(H+) + (d~)]a 


Thus 


(H+) » (CD) » x 
( 2 ) 
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In the example above Ft .p. ** 0. Therefore, the work required to transport 
1 gram mol of Cl~ from 2 —> 1 is 


F 


RT In 


(Cl-)* 


1D (iT + KCl-) 2 


When NaCl is added to (2) and the system is permitted to come to 
equilibrium, the ratio of Cl~ ions will be the same as before, i.e., F =* 0. Since 
(01*—)2 has increased by the addition of NaCl, (Cl~)i must also increase to 
maintain the same ratio at the state of equilibrium. This increase in (Cl*")* is 
caused by the diffusion of hydrochloric acid into the hide. The effect of the 
distribution of ions due to the addition of w mols of salt and the diffusion of 
a mols of acid is therefore 

Initial State 


* - (Collagen H + ) - (CO) 
y - (H+) - (C1-) 

(1) 

Pi < Pt 


(H+) - (C1-) - * 
(Na+) - (Cl") - w 

( 2 ) 


Equilibrium State 


a * (H+) - (Cl") 

2 - (Collagen H+) - (Cl -) 
v - (H+) - (a-) 

a) 

Pi - Pi 


(H+) ~ (Cl") - x - a 
(Na+) - (Cl") - w 


( 2 ) 


Experimental findings have proved that the addition of NaCl to the acid 
pickle caused up to a 33 per cent increase in acid absorbed by the hide, which 
fact substantiates the theory outlined above. 

If, in the system hide (collagen)-hydrochloric acid, we determine the 
ratio: concentration acid outside the hide (C 2 ) to concentration acid inside 
the hide (CO, then take the logarithm of this ratio and plot this value against 
swelling or volume change, we are able to postulate that whenever Ca < Ci 
swelling occurs, when C 2 * Gi maximum swelling results and when C 2 > Ci 
swelling decreases. At/ the point C« = C 3 the greatest excess of diffusible 
ions results; and thus further addition of acid, making C 2 > C 3 , results in a 
decrease in diffusible ions with subsequent decrease in swelling. We may 
then define melting as due to the flow of liquid from the less concentrated solution 
to the more concentrated solution either within or outside the skin as the case 
may be. 

Referring to Figure 93, it can readily be seen for the case of 0 per cent salt 
that the swelling increases for all data when C 2 < C l? or when the flow of solu¬ 
tion is into the skin, but when C 2 > Ci a decrease in swelling results. When 
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NaCl is added to the system an entirely different type of curve results. At 
point (a) there are 12 millimols HC1 inside the skin and only 0.7 millimol and 
50.3 millimols NaCl outside; at point (b), 24.4 millimols HC1 inside and only 
1 millimol HC1 outside; at point (c), 58.2 millimols HC1 inside and only 
5.41 millimols outside; at point (d) 101.5 millimols inside and 25.38 millimols 
outside; at points (e) and (f), 105.2 and 111.1 millimols inside and 84.47 and 
138.62 millimols outside. The reason for the shift of (b) to the left of (a) is 
due to the fact that the salt is causing so much HC1 to penetrate inside, thus 
causing Ci to be very large in respect to C2. The millimols HC1 in the 
external solution for both (a) and (b) is practically the same, showing that the 
addition of NaCl caused this large amount of penetration. However, at 
(c), though |he penetration inside the skin was much greater than at (b), 
there w r as a concentration in the outside solution 5 times as great. At (d) the 
penetration inside the skin attained an approximate equilibrium, while the 
concentration outside was 36 times greater than at (a). In all cases, (a), (b), 
(c) and (d), solution was flowing from inside the hide to the more concen¬ 
trated solution outside, thus giving negative swelling. At (e) and (f) the 
acid concentration inside was but little greater than at (d), but the outside 
concentration had increased to 3.5 to 5.5 times that of (d), and as shown by 
the trend of the curve, the flow of liquid now tends from the outside into the 
skin. Figure 71 also substantiates the explanation given above. 

The authors are well aware that in consideration of the Dorman theory 
as applied to acid absorption and swelling of animal skin it is necessary to 
modify the assumptions made by Procter and Wilson and later by Loeb for 
gelatin-acid systems in translating them to the fibrous and structured protein 
systems. Such modifications having been made, the Donnan Membrane 
Equilibria Theory does explain, in its own particular way, many of the phe¬ 
nomena found in the pickling process. 

The Bound and Free Electrolyte 

When bated skin is placed in a pickle solution, acid and salt diffuse into 
the skin; part of this acid is fixed by certain reacting groups of the collagen 
and the remaining fraction of the acid is loosely held within the skin. At the 
usual pH values prevailing during pickling, 1.5 to 3.0, it is doubtful if any 
sodium chloride, as such, is actually bound. However, acid is bound, and 
the amount fixed by the skin protein is that normally obtaining for the 
equilibrium pH value of that pickle solution. In the consideration of sub¬ 
sequent mineral tannage, both types of acid are important, since both the 
acid chemically bound and that mechanically held influence the subsequent 
tannage. In the studies made by Theis ei al during the period 1931-35, no 
attempt was made to differentiate between the acid bound and that which 
existed in the free state. (Nor did Kiintzel.) 
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McLaughlin and Adams 7 in 1940 introduced a new technique in a study of 
the acid-binding of collagen. In this work, these investigators pressed the 
acid-treated collagen material at 5000 pounds per square inch and held that 
such pressing removed, for practical purposes, all the mechanically held acid. 
In their conclusions, they pointed out that collagen treated with sulfuric acid 
in the range of 4 to 19 per cent gave a straight line when the log of acid fixed 
was plotted versus the log of acid unfixed. From these data such a conclusion 
is completely Valid in the equilibrium pH range of 0.85 to 2.05. At pH 
ranges below or above this, the conclusion does not hold good. The data 
relative to the investigation of McLaughlin and Adams have already been 
given in some detail in Chapter 4. 

Their work was significant, because (1) it brought to the attention of the 
protein chemist and the leather chemist a unique means of ridding the tissue 
of free water and free electrolyte; and ( 2 ) by the use of this method, new and 
important facts have been discovered. 

Theis and Jacoby 16 in 1941 made a study of the acid bound by collagen 
from three different pickle solutions; (a) sulfuric acid, (l>) sulfuric acid-normal 
sodium chloride and (c) sulfuric acid-normal sodium sulfate. In each of these 
types the pH value was varied between 0.4 and 7.3. A 24-hour pickling 
period at 25° was employed. 

After pickling, the skin was removed, pressed twice at 10,000 pounds per 
square inch, air-dried, and then ground in a Wiley mill to a 60-mesh powder. 
The material so prepared was then analyzed for fixed TI‘ f “ ion and nitrogen. 
The methods used are given in detail in Chapter 4. Figure 95 shows the data 
obtained for the sulfuric acid, no salt, system. This figure is shown in three 
parts; A, the grams of sulfuric acid tixed by one gram of hide substance; B, the 
ml of 0.1 A H 2 S0 4 bound by one gram of hide substance; and C, the ml 
0.0/ H 2 SO 4 bound by one gram of hide substance. The data taken are 
plotted in each case against the equilibrium pH value of the pickle solutions. 
This method of plotting in reality gives us an acid titration curve of the 
protein in question. The acid titration curve of Figure 1 95 shows that this 
acid curve should be divided into three distinct zones; the first, pH 0.5 to 
about 1 . 0 , which shows great acid take-up; the second, pH 1 to pH 2.5, in 
which the log acid fixed versus log acid unfixed is a straight line indicative of 
adsorption; and third, the range pH 2.5 through the isoelectric zone, which 
does not follow the adsorption law. Curves B and C show that at about 
pH 1.3 there is a tendency toward maximum acid fixation, but at pH 1.0, 
hydrolysis effects enter, and perhaps through simplification of the protein 
more acid is bound. This fact is well illustrated in the pH range 0.5 to 1.0. 
In the second zone the log of the fixed versus the log of unfixed acid follows 
a straight line. In Figure 95 the dotted line represents values obtained by 
McLaughlin and Adams; and it can readily be seen that the results check well. 
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The third zone, pH value 2.5, shows that the acid bound constantly decreases 
to an actual zero value at pll 6.5, thus giving an isoelectric point close to 
that usually obtained by cataphoretic experiments. 



NGlOdd JO VHO did bS*H 01/KM 1KM 



NG-LOUd JO KMO U3d 05 H KND 


In the actual pickling of hides and skins, we are interested in the pH range 
1.0 to 4.0. Here we see that the actual acid bound at pH 1.0 is 6.0 per cent, 
while at pH 4.0 this figure is approximately 2.0 per cent. These figures give 


Figure 95. Showing the sulfuric acid combined with collagen when sulfuric acid alone is 
used for pickling. The dotted line in V< A” represents data taken by McLaughlin 
and Adams by an entirely different method. 
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Figure 96. Showing the sulfunc acid combined with collagen in pickle solutions 
taining both sulfuric acid and sodium chloride (1.0 Normal). 
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no idea of the acid actually held mechanically between the skin fibers; they 
represent only that fixed by the protein substance. 

Figure 96 A, B and 0, shows the data obtained from the system sulfuric 
acid-sodium chloride. This is the usual type of pickle utilized by the chrome 
tanner and should be of more interest than the first system discussed. 

It was shown in Figure 95 that there was somewhat of a maximum acid 
fixation between pH 1.0 and 2.0. Figure 96 shows this trend in a more 
pronounced manner. It would therefore seem that the sodium chloride 
(normal solution) causes a decreased protein simplification, but its effect is 
not sufficient to entirely obviate it, because at pH 1.0 there is again a sharp 
rise in the curve. The curves given in Figure 95 again show that the isoelectric 
point is about pH 6.7. In the pH range 1.0 to 4.0 it is found that 5 per cent 
sulfuric acid is bound at pH i .0, while only 2.6 per cent is bound at pH 4.0. 
Thus it appears that the Na,Cl has reduced the acid fixation at pH J.O and 
increased it at pH 4.0. However, it must be remembered that in a pickle 
made up of sulfuric acid and sodium chloride, there are present II + , Na 4 , 
Cl", HSOr and SO4" ions, and thus it is impossible to postulate directly 
just which anions are held by the protein molecule. 

While the normal pickle system used in practice is the one of H2SO4— 
NaCl, use is often made of the system H 2 S04 L -Na 2 S04. In this case, there 
is a common ion, and a somewhat simpler system results. Figure 97 gives 
data for this system. In the very acid range, the sodium sulfate gives a very 
small increase in acid fixation over that given by acid alone, and in the less 
acid region a somewhat greater acid fixation over acid alone, but still less 
than when sodium chloride is present. The isoelectric point given by this 
system is about pH 6.7. At pH 1.0, the acid fixed is 6.7 per cent and at pH 
4.0 it is 2.4 per cent. Thus we might tabulate acid fixed in the practical 
pickle range for the three systems as follows: 

Table 138. 

,-- And Fixed*— - - - —^ 


pi I Value 

HaSOi 

IJjSO* NaCl 

HsSO«-NaaSO« 

1 

6.4 

5.0 

6.7 

2 

4.8 

5.0 

5.1 

3 

3.6 

4.0 

4.1 

4 

2.0 

2.6 

2.4 


* Per coat on protein basis. 


The types of curves given for the pickle systems Ii 2 S0 4 —NaCl and 
H2SO4 —Na 2 S0 4 are quite different. In the case of the H2SO4—- NaCl, there 
is a distincc flat range between pH 1.0 and 2.3 in which the acid fixed remains 
more or less constant. Such is not the ease for the system H 2 S0 4 —NaaSOi. 
Since this is the actual practical range usually employed in the pickling 
operation, this finding may well represent the real difference found under 
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practical conditions of pickling between sulfuric acid-sodium sulfate and 
sulfuric acid-sodiurn chloride systems. 

McLaughlin and Adams pointed out in their work dealing with the acid¬ 
binding capacity of collagen that the log unfixed acid versus log fixed acid 
resulted in a straight line. However, recalculation of the work of Theis and 



Figure 98. Indicating the relation of the acid absorbed to that remaining unabsorbed 
when acid alone is used and when an acid-salt pickle is used. The curves are 
shown in a log/log relation. 


Goetz dealing with HC1—NaOl and H 2 S0 4 —NaCl pickles shows that even 
if the skin is not pressed (thus containing both collagen bound and mechani¬ 
cally held acid) the log of the acid held within the skin (equivalent to conditions 
obtaining in the actual pickling operation) plotted versus the log of the 
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remaining acid also results in a straight line. Figure 98 shows such recal¬ 
culated data. The curves given in Figure 98 indicate some interesting trends 
wholly in line with the accurately determined bound acid. The curves 
representing IICl alone and HC1 with 10 per cent NaCl show, for acid alone, 
that all the points from pH 1.42 to pH 4.98 fall on the same straight line, while 
for the HCl in the presence of NaCl such is not the case. For this particular 
case the straight line range is 2.08 to 4.35. Either above or below this range 
the acid bound and occluded does not follow the equation. This, of course, 
may be accounted foi by application of the Donnan Theory, in that at pH 
values greater than 4.35 there is not sufficient acid present in the outside 
solutions for a greater acid take-up, and practically all the acid has been 
absorbed by the skin. However, at pH values greater than 2.08 it might 
be said that though more acid has been absorbed by the skin in the presence 
of NaCl than in the presence of acid alone, the acid absorption capacity 
(bound and mechanically held acid) of the skin has been reached, and this 
point lies approximately at pH 2.0 when NaCl is present and at 1.4 when only 
HCl is present. 

However, when H 2 S 0 4 and II2SO4 —NaCl are used for pickling a some¬ 
what different picture results, as is seen in Figure 98. In this case the 
straight line representing the H2SO4- -NaCl is not even approximately parallel 
to the line representing the H 2 S0 4 . The two lines meet at a point at a pH 
of 2.04, representing maximum absorption of acid (bound and mechanically 
held); and as the pH is further decreased little or no additional absorption of 
acid takes place up to pH 1.4. 

Since liides and skins are usually pickled in a solution of sulfuric acid and 
sodium chloride, and since they are usually only drained and thus contain 
both bound and mechanically held water, it is of practical importance to note 
the sulfuric acid-sodium chloride curve in Figure 98. This curve denotes 
that in the pH range 2.0 to 1.4 (practical pickling) the skins entering the 
chrome tanning bath contain the same total quantity of acid in this pH range 
regardless of the specific pH value of the pickling bath. The salt will of course 
affect the swelling and plumping of the skins. 

Looking back now to Figure 97 it will be found that the actual bound acid 
shows fixed values in the pH range 2.1 to 1.0, indicating that both the acid 
fixed by the skin proteins and the acid absorbed and held mechanically appear 
to obey the same general law. At pH values less than 1.0, however, this 
axiom does not hold, since undoubtedly simplification and acid hydrolysis of 
the skin protein take place, as can be seen by the sharp and distinct rise in 
the curves in Figure 97. 

However, looking at the straight lines representing HCl alone and HCl— 
NaCl systems, it can readily be seen that there is no flat region in the acid 
curve, and that all the points from pH 4.98 to pH 1.4 fit the straight line, 
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very unlike the sulfuric acid curve. However, the H2SO4— NaCl line shows 
that maximum acid absorption takes place at pH 2.08 and little more acid is 
absorbed at higher concentrations of acid. Thus it may be said that in the 
pH range 2.08 to 1.4, a HOI* NaCl pickle causes the pickled skins to carry 
into the chrome tanning liquid approximately the same amount of acid. 

McLaughlin and Adams in subsequent studies (1942) investigated the 
effect of sodium sulfate upon sulfuric acid take-up and found that the added 
salt decreased the acid fixation from a given sulfuric acid solution. A detailed 
account of these investigations has been given in Chapter 4 and therefore will 
not be further discussed. 

The average pickle solution used by the American tanner will consist 
essentially of a 0.1 A" solution of sulfuric acid made 1 .ON with respect to sodium 
chloride. The average bated skin placed in such an acid-salt solution will 
bind some 5.0 per cent sulfuric acid at pH 1.0 and some 4.0 per cent at pH 
4.0. Thcis and Jacoby have recently shown that at pH 1.0, collagen does not 
bind alkali chlorides. However, at pH 4.0, and a sodium chloride concentra¬ 
tion of 1.0N t they show some actual binding of this salt. From such data, 
it might be suggested that little sodium chloride is fixed by the collagen from 
pickle solutions usually employed, and that the salt contained in the pickled 
skin is mechanically hold. 

Hydro-thermal Stability 

The authors have previously discussed hydro-thermal stability, or shrink¬ 
age temperature. This term has been defined as the point at which the 
increasing disruptive forces exceed the diminishing cohesive forces. 

In 1940, Theis and Esterly 18 studied the effect of hydrochloric acid and 
sodium hydroxide upon collagen, both alone and in conjunction with sodium 
chloride. They found that in the pH range 4.0 to 10.0, using acid or alkali with 
no salt, the shrinkage temperature of the collagen remains essentially con¬ 
stant, namely from 55° to 57°. At lower or higher pH values, the shrinkage 
temperature decreased. This decrease was especially noticeable on the acid 
side. If salt (NaCl) was added to the acid or base solutions, the effect was to 
increase drastically the shrinkage temperature of the collagen over the pH 
range 1.0 to 10.0. At pH values greater than 10.0, no real increase occurred. 
These data indicate that the salt in the pickle plays a predominant role. The 
data of Theis and Esterly are shown in Figure 32 of Chapter 5. 

In 1941 Theis 12 determined the shrinkage temperature of collagen treated 
24 hours w r ith sulfuric acid, hydrochloric acid, acetic acid, formic acid and 
phosphoric acid. These data are shown in Table 139.. 

These data show that regardless of the acid employed, the shrinkage tem¬ 
perature of the treated collagen is approximately the same for any given pH 
value of the pickle acid. Theis investigated the effect of sodium chloride 
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Table 139. Shrinkage Temperature of Pickled Skin.* 


pH of Pickle 

H 3 SO 4 

ikT 

IIAiT 

li 8 P0 4 

H *COOH 

1 

40.2 

39.2 


39.4 


2 

42.6 

44.0 


42.8 

43.0 

3 

43.0 

47.2 

45.2 

47.5 

46.8 

4 

52.2 

49.0 

50.6 

53.4 

’ 53.0 

* No a:dt used in 

the pickle solutions and 

: those pH values 

were maintained throughout the pi< 

•kling penod. 


additions to sulfuric acid upon the shrinkage temperature of collagen treated 
with such pickle solutions. 'These data are shown in Table 140 and in 
Figure 90. 



Figure 99 


Table 140. Shrinkage Temperature of Pickled Skin, with H 2 SO 4 and Varying Amounts 

ofNaOl 




pH of Pickle 

No salt 

5 85% 

NaOl 

li 75% 

Nad 


1 

42.8 

57.6 

68.5 

75.0 

2 

45.0 

60.0 

69.5 

74.0 

3 

48.0 

02.4 

71.0 

75.0 

4 

50.0 

63.8 

72.0 

76.0 
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These data show for the skin pickled in such solutions: (a) that as the 
pH value of pickling increases, the resistance to temperature increases; (b) that 
this increase in temperature resistance continues as the salt concentration 
of the pickle is raised; and (c) that if sufficient salt is present in the acid 
pickle, regardless of pH value, the resistance to temperature becomes almost 
constant. 

In 1942, Theis and Steinhanlt 20 investigated the effect upon collagen of such 
pickle systems as: (a) HCi—NaCl; (b) HCl—CaCb; (c) Aid, -NaCl (d) 
AICI3 —Na*S0 4 ; (o) A],(S0 4 )*-NaCl; and (f) Al 2 S 0 4 -~ Na 2 S 0 4 . The data 
regarding the ITC^l -NaCl and HCI CaCl 2 systems have been given in 
previous chapters. It was found that treating collagen with either HCI— 
NaCl or HsjSCV Na 2 S () 4 solution gave it an increased resistance to temper¬ 
ature. However, when CaClg replaced Nat 4 in the pickle, the shrinkage 
temperature of the treated collagen decreased sharply. In reality, the skin 
proteins became denatured in a somewhat similar manner to heat-denatured 
collagen. This work has been previously discussed and is shown in Figure 
33 of Chapter 5. 

Theis and his students in 193(> and 1942 made a study of various alum 
pickles and found that when bated skin was pickled in aluminum sulfate 
solutions, more A1 2 0 3 than SOj was taken up at low concentrations, whereas 
at high concentrations more SO* than AlAb was absorbed. Addition of 
neutral salts to aluminum sulfate pickles tended to cause a greater absorption 
of AI 2 O 3 than BO*. As in the case of acid-salt pickles, the neutral salts 
repressed swelling. These data are shown in Figures 100 to 103. 

An investigation was also made on the effect of various aluminum salt 
pickles upon the shrinkage temperature of collagen treated with them. The 
experimental technique used by Theis et al. is as follows. 

Goat skin properly soaked, limed in a straight lime for 5 days, thoroughly 
washed in running water, ddimed with acetic acid, again washed and then 
completely dehydrated with acetone was used for the experiments outlined 
in this paper. The dehydrated skin was placed in 100 ml of the respective 
salt solutions for 24 hours, being constantly agitated and kept at 20 °. The 
shrinkage temperature of the treated skin was obtained by employing the 
equilibrium solution as the heat exchange medium when using the shrinkage 
test machine. The data obtained are shown in the following figures. 

Figure 100 shows the data obtained for the systems (A1C1*), and (A1C1* + 
NaCl). Curve A of this figure shows the shrinkage temperature of skin treated 
with dilute and concentrated aluminum chloride solutions—the aluminum 
chloride being the only salt present. It is thus seen that shrinkage temperature 
decreases in the concentration range 0 to 0.2 mol AlCls and then steadily 
increases in the range 0.2 to 1.5 mols of salt. 
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Figure 101. Effect of Aluminum chloride—sodium sulfate pickles upon shrinkage 
temperature of treated collagen. 
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In the dilute range, the aluminum chloride apparently caused a breakdown 
of the elcctrovalont linkages (salt linkages) due in all probability not only 
to the direct salt effect, 


Cl— 

Cl— 

• NH,+ 

A1 + 

Cl- A1 + — OOC 

A1 + 

1 

4- 




Cl— 

Cl— 

A! + 

A1 -f 

1 

: 


but also to a partial back titration or breaking of the zwitterion because of 
the active acidic reaction of the hydrolyzable aluminum chloride, AlCl® + 
HaO —* AlOHCU + HC1. This causes the very drastic decrease in shrinkage 
temperature which the authors believe is indicative of a rapid structural 
change in the electrovalent link. (Note the pH-shrinkage temperature curve.) 
While there may possibly be some slight structural change in the carbonyl- 
imino linkages in this range, this breakdown is undoubtedly small and we are 
forced to postulate that the main decreases in cohesion forces are those of the 
electrovalent link. However, at molar strengths greater than 0.2, aluminum 
chloride acts in a somewhat similar manner to sodium chloride, causing (a) 
a decrease in osmotic pressure; (b) dehydration and the removal of water 
from the tissue, thus forcing the carbonyl-imino groups closer together; and 
(c) an increased structural stability as measured by the shrinkage temperature. 
At exactly 0.2 molar aluminum chloride two forces are exactly balanced 
(1) the destruction of the electrovalent linkages caused by salt effect and 
acidic reaction of the salt; and (2) the strengthening of the carbonyl-imino 
link caused by the dehydration of the tissue. At concentrations greater than 
0.2 molar, the strengthening of the carbonyl-imino link becomes predominant 
and far overbalances the destruction of electrovalent links, thus giving rise 
to'increased structural stability. It should be pointed out that at a molarity 
of 1.5, the equilibrium pH value of the aluminum chloride solution is 1.7— 
thus making for almost complete destruction of the electrovalent links—yet 
the structural stability of the protein has increased enormously. These 
facts strengthen our dogmatic contention that the weakening of the electro¬ 
valent links is merely reversibly incidental and that the carbonyl-imino links 
must be affected in order to show either drastic decrease or increase in the 
structural stability of collagen. 

Curves B and C in Figure 100 give data for aluminum chloride solutions 
made 1 and 2 normal, respectively, with respect to sodium chloride. These 
curves are of practical importance because mixtures of aluminum salts and 
sodium chloride are often used in processing hides, skins and furs; they show 
rather strikingly that the addition of sodium chloride to the aluminum 
chloride solutions materially changes the effect of the latter on the skin, 
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causing the protein to become structurally more stable. The addition of 
sodium chloride causes a shift in the pH value of the minimum stability 
point from 3.1 to 2.75. It will further be noticed that at the high concentra¬ 
tions of aluminum chloride in the presence of 1 and 2 normal sodium chloride 
there is a decrease in shrinkage temperature. However, in this region, the pH 
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value of the solution is less than 1.5, and undoubtedly the sodium chloride is 
playing an additional role, namely, retarding any fixation of basic aluminum 
chloride in a manner similar to neutral salts in chrome tanning. Curves B 
and C of this same figure show the combined role played by aluminum and 
sodium chlorides. This causes dehydration, thus bringing closer and closer 
the carbonyl and imino groups of the protein chain and far overbalancing 
any effect of the structural breakdown of the eleetrovalent linkages due to 
the salt and zwitterion discharging effects of the acid aluminum chloride. 

Figure 101 gives data for the system (AlCl3~Na 2 S0 4 ). Curve A of this 
figure is identical with Curve A of Figure 100. Curves B and C represent 
data in which the aluminum chloride solutions have been made 1 and 2 normal 
with respect to sodium sulfate. These curves indicate that sodium sulfate 
in conjunction with aluminum chloride has a somewhat greater dehydration 
effect than sodium chloride under the same conditions. At an aluminum 
chloride concentration of 1 molar and sodium sulfate concentration of 2 
molar, the structural stability of the protein closely approximates that result¬ 
ing from treatment with formaldehyde. Aluminum chloride solutions con¬ 
taining 2 mols sodium sulfate not only retard completely any structural 
breakdown but actually increase the cohesion forces of the collagen. Both 
curves indicate a slight minimum structural stability at pH 3; however, using 
2 molar sodium chloride solutions, this minimum is barely apparent. 

Figure 102 gives shrinkage temperature data for the system [AlaCSOOa], 
[A1,(S() 4 )3 H- NaClJ and lNTtt 2 tS 0 4 )]. Curves A represent the aluminum salt 
without any additional neutral salt. These curves indicate a more drastic 
action than that obtaining for aluminum chloride; this action is indicated 
both in the dilute and concentrated range. Curve A sliow^s the powerful 
ability of aluminum sulfate at concentrations greater than 0.2 molar to 
strengthen the cohesion forces of collagen. A comparison of Figures 100 and 
102 indicate that there is little difference between the systems (Aids 4- 
Na 2 S() 4 ) and [A1 2 (S0 4 )3 -f* NaClJ as far as their effect upon the cohesion forces 
of collagen is concerned. 

Figure 103 shows data for such systems as [A1 2 (S0 4 )3 + Na formate] and 
[A1 2 (S0 4 ) 3 -f Na citrate]. Curves B' and C' show the tremendous influence 
[in dilute Al 2 (S0 4 ) 3 solutions] of sodium formate upon the strengthening of the 
cohesion forces, as measured by the shrinkage temperature. This effect is not 
evident in the more concentrated aluminum sulfate solutions which, however, 
more or less neutralize the free alkalinity of the sodium formate, 

Al*(S() 4 )s + 2H,0—*»2A10H80« +■ 1 IjS0 4 

HCOONa + H,0 —> HOOOH 4 NaOII 

lowering the pH value of the solution from approximately 5.0 to 3.0. 

Curves B and C show the effect of 1 and 2 normal sodium citrate solutions 
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Figure 103, Effect of Aluminum sulfate and organic salt pickles upon shrinkage 
temperature of treated collagen. 
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(various concentrations of aluminum sulfate). These curves are similar 
to those for sodium chloride and sulfate systems. 

In a discussion of either aluminum chloride or sulfate systems, it is 
necessary to take into account an additional factor, the possibility of fixation 
of basic aluminum complexes. While it is known that the aluminum complex 
has not the potential stability of the chromium complex, it must be taken into 
account. If basic aluminum sulfate is fixed by the collagen, then additional 
strengthening of the cohesion forces will of necessity result. 

Pickling for Preservation 

All the foregoing material relative to the pickling of hides or skins has 
been cither a discussion of the fundamental principles involved or a discussion 
relative to the preparation of the skin for mineral tannage. Often times 
skins are pickled for still another purpose, namely, preservation of the pelt. 

Blank 1 in 1932 made a study of the molding of pickled sheep skins. He 
points out that molds are not exacting in their requirements for growth in 
that they grow well upon most moist organic material and over a wide range 
of pH values. Blank divides pickled skins into two main classes: the one, 
skins which have had only a light pickle, and the other, skins which have 
been strongly pickled. Skins which ordinarily are “low” pickled are calf and 
side upper hides. In this ease, the skins may have been pickled for only a 
few hours in a dilute pickle and are expected to be tanned within a few days 
at most. This type of pickling is in preparation for subsequent chrome 
tannage. If such skins are held in the “pickled state,” mold growth often 
ensues and may create considerable damage. Blank’s report dealt in the 
main with sheep skins having a “high” pickle since, under specific conditions, 
they may be held for several months before processing. He divided his 
investigation into two major parts: one, a general study of molds usually 
found on pickled skins, and the other a study of certain pickle liquors in 
relation to their preserving effect. In the first study, he discussed: (a) isola¬ 
tion of the molds; (b) pigmentation; (c) proteolytic activity, and (d) acid and 
salt tolerance. As a second study, Blank investigated the following pickle 
solutions: (a) the sulfuric acid-sodium chloride systems; (b) the sulfuric 
acid-sodium chloride-sodium acetate systems; and (c) the sulfuric acid-sodium 
chloride-p-nitrophenol systems. 

Blank was unable to isolate viable organisms from any of the pickle liquors 
examined, which may possibly be due to the make-up of sulfuric acid and salt 
added daily. From molded skins, he was able to isolate molds belonging to 
three major families, together with several types of yeast. The three types 
of mold found were: (1) one similar to the genus Hormoderidrum and desig¬ 
nated by Blank as H; (2) one belonging to the family Mucedinaeeae , genus 
Penicillium; and (3) one belonging to the family Mucedivaceae, genus Monilia . 
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The last two are designated P and M respectively. Blank believes that these 
three types pf mold growth are fairly representative of those organisms which 
are common in pickled sheep skins and winch cause the most trouble in this 
regard. 

In the matter of pigment formation, tanners are most familiar with the 
color associated with mold growth; black, green and red seem to predominate. 
In many cases, these discolorations can be removed during processing; but 
often they persist even into the finished leather. 

In 1930, Thom 21 pointed out that pigment produced by molds may have 
three distinct locations: the conidia, the mycelium, and the substratum. If 
the pigment is produced in the conidia, which are the seed-like parts of the 
mold, it may exist some distance above the surface of the pickled skin and in 
that case may be easily removed by mechanical means. If on the other 
hand, the root-like parts of the mycelium produce the pigment, it is much 
more difficult to remove. If the color does not confine itself to some part of 
the mold but diffuses into the skin itself, the pigment acts like a dye and is 
likely to remain throughout subsequent processing. 

Blank points out that mold II produces heavily pigmented hyphae; such a 
discoloration on pickled skin is shown in Plate 10. Pickled sheep skins which 
have been inoculated with this particular mold on the grain side show growth 
within a short time on the flesh side. Plates 4-10 show the presence of the 
mold hyphae on and within the skin. 

Blank maintains that mold H is different from Aspergillus niger, which 
has been described at length by Wilson. Wilson found Aspergillus niger to 
be responsible for certain black spots on leather. 

Blank points out that mold P produces certain green spores in addition 
to producing a yellowish red pigment, which readily diffuses into the skin. 
It is often known as red mold. 

A dark-green pigment is produced by mold M, but this pigment remains 
essentially in the spheres and hyphae and apparently is not as difficult to 
remove as H and P. 

Molds under favorable conditions may secrete a great variety of enzymes. 
Thom and Church list the following for Aspergillus niger: lipase, amylase, 
inulase, raffinase, gentianase, zymase, invertase, urease and protease. Due 
to such secretion of enzymes, especially the proteolytic type, the molds may 
actually digest the skin itself. Mold P rapidly liquefies gelatin, M slowly and 
H not at all. Blank found that other molds isolated from pickled sheep 
skin rapidly acted upon gelatin and coagulated blood serum. 

The protoplasm of an organism is sensitive to changes in salt and acid 
concentration. The particular manner in which an organism reacts to such 
changes in salt concentration is a characteristic of the organism itself. With 
a slight increase in salt concentration, growth may be stimulated, after which 
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Plate (i. 



Plate 7. 
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further increase may greatly inhibit further growth. The ability to remain 
viable and to grow in the presence of salt is known as the salt tolerance of an 
organism. 

Doelger 2 found that mold growth is generally inhibited by the presence 
of more than 12 per cent salt; but some molds have a greater salt tolerance 
than others. These are given in Table 141. 


Table 141. Growth of Molds at 25° in the Presence of Sodium Chloride. 



% NaCI 

% NaCI 

Type of mold 

permitting growth 

preventing growth 

Altemaria 

12 

16 

A. flavus 

16 

17 

A. niger 

17 

19 

A. repens 

12 

16 

Iformischium 

12 

36 

A, Camhdus 

20 



Doelger also investigated the acid tolerance of certain molds. The data 
are given in Table 142. 


Table 142 Maximum Concentrations of Acids which will Permit Growth in Cznpek's 

Broth at 25°. 


-- Sulfuric— 

Type of mold Normality 

pn 

.- Lactic -- 

Normality pH 

-- Formic- 

Normality 

pH 

A . mger 0.030 

1.87 

0.395 1.7 

0.018 

3.54 

.4. candid us 0.008 

2.65 

0 .0J2 3.67 

0.003 

3 98 

Xormoldics of Adds Necessary to Prevent Growth in Czapck's Broth During (> Days 

at 85°. 

Type of mold 


Acetic acid 

Hydrochloric acid 


P. camcnherti 


0.053 

0.045 


P. hrevicaulc 


0.045 

0.038 


R. nigricans 


0.045 

0.028 


M. raremosus 


0.028 

0.044 


IJ or m oden drum 


0.028 

0.053 



Blank studied the salt and acid tolerance of molds isolated from pickled 
sheep skin and found that at pH 4.3 molds P and M grew well in the presence 
of 18 per cent salt, whereas growth of mold II was inhibited by salt concen¬ 
trations greater than 9 per cent. With regard to acid tolerance, this inves¬ 
tigator found that the various molds tolerate entirely different amounts of 
acid and that a single mold may tolerate different amounts of different acids. 
He also noted that acetic acid prevents mold growth at a relatively low 
hydrogen-ion concentration compared to such acids as sulfuric or hydro¬ 
chloric. These data are shown in Tabic 143. Both Doelger and Blank 
found that acetic and formic acids appear to be toxic to molds in general. 

Blank made a further investigation upon the inhibiting effect of certain 
pickles. He pickled sheep skins using salt and sulfuric acid and then inocu- 
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Table 143. Maximum Concentrations of Acids at Which Growth Was Observed in 
Modified Czapek’s Medium at 25°. 



--— Sulfuric- 

_ v 

-Iljdroc 

hloric— - 

.-Acetic 

- „ 

Type of mold 

Normality 

pH 

Normality 

pH 

Normality 

pH 

H 

0.480* 

0.61 

0.404 

0.40 

0.041 

4.48 

P 

0.057 

2.05 

0.071 

1.97 

0.041 

4.48 

M 

0.057 

2.05 

0,071 

1.97 




* Highest concentration tried, 

*f No growth m lowest concentration tried. 


lated them with cultures of the molds. He found a satisfactory pickle to 
contain 12 per cent sodium chloride and 1.5 per cent sulfuric acid. He found 
that only mold II would grow in a pickle liquor of this type, and that addition 
to the above pickle of 1 per cent sodium acetate made it, much more efficient 
in preventing mold growth. He also found that the addition of .025 per cent 
p-nitrophenol aided materially in this respect. 

Pleass 9 in 1935 made a study of the pickling of sheep skin. She found that 
the presence of acetic, formic, salicylic or benzoic acid in the sulfuric acid-salt 
pickles prevents mold growth, and that, although acetic acid and salt did not 
give a satisfactory pickle liquor, 2 per cent formic acid and 10 per cent salt 
appeared to be efficient in all respects. 

Analysis of Pickle Solutions and Pickled Skin 

Since most pickle solutions contain merely sulfuric acid and sodium 
chloride, their analysis is comparatively simple. In tho control of “paddle 
pickles” it is only necessary to control the salt content with a hydrometer, as 
the specific gravity of a particular liquor is governed mainly by its salt 
content, the acid having but little effect. The acidity is usually controlled 
by titration of a given aliquot of the equilibrium liquor, such an amount of 
acid being added as will give a standard titration value for any given aliquot 
taken as a sample. 

The analysis of the pickled skin is decidedly more difficult. If the original 
pickle solution was made up of sulfuric acid and sodium chloride, the liquor 
contained H*, Na + , HS0 4 ~, S0 4 “ and Cl - ions. During pickling, the skin 
proteins combine with some of these ions. Experimental data have shown 
that the H + ions are fixed in relation to the equilibrium pH value of the 
particular pickle, and that S0 4 “ or HSO.T ions are bound in greater proportion 
than Cl~ ions. Therefore, the pickled skin contains H+, Cl", HS0 4 ~ and S(V 
ions, some bound to the skin proteins, and others merely being dissolved in 
the free pickle liquor mechanically held within the skin structure. 

If a complete analysis of the pickled skin is desired, the following procedure 
should be followed: 

(3) The sample is divided in half; one-half is allowed to air-dry, and the other is 
pressed twice at 5-10,000 pounds per square inch and then allowed to air-dry. Both 
samples are then ground to a powder in a Wiley mill. The samples are then ready for 
analysis. 




PICKLING 


331 


(2) Hydrogen ions. One gram of the ground material is weighed into a 250-ml 
Krlenmeyer flask and 15 ml distilled water is added. The sample is allowed to “wet up” 
for one tom. To the wetted sample is added a solution containing 2 grains potassium 
iodide, 0.5 gram potassium iodnte, and 25 ml OAN sodium thiosulfate. The reaction is 
allowed to go to completion over a 2 -hour period and is then baek-titiated, either with 
0.1 iV iodine solution or 0.1 A' hydrochloric acid m the presence of starch indicator. The 
ml of standard solution used for back-titration substracted from the 25 ml of 0.1 A r sodium 
thiosulfate originally used wall give the ml of OAN acid in the pickle sample taken. This 
can be calculated to grams H 2 SO 4 . 

(3) Sulfate 10 ns. One gram of the sample is digested with 10 ml UNO* by boiling 
until the volume is about 5 ml; it is then cooled, treated with 10 ml HOI and again evapor¬ 
ated to a 5-ml volume. It is then transferred to a 000 -ml beaker and neutralized with 
NH 4 OH, using litmus as an indicator. After diluting to about 300 ml with water and 
adding 5 ml concentrated HOI, the sample is boiled and treated with 10 ml of 10 per cent 
BaCl 2 . The precipitated BaSCL is filtered through a Gooch crucible, washed witn warm 
water, and ignited. Calculation is to SO*" ion or TI 2 SO 4 . 

(4) Chloride ions. One gram of the material is placed in a 125-ml Krlenmeyer 
flask, to which is added 10 ml concentrated HNOj and 25 ml 0.1 N AgNO a . The mixture 
is boiled gently until all protein is digested. A little waiter may be added from time to 
time so as to have a final volume of about 15 ml always present. After digestion, the 
solution is cooled, diluted, and the excess AgN 0 3 titrated with 0.1 A" KONS in the presence 
of ferric ammonium sulfate as an indicator. The amount of 0 AN AgNOs used m the pre¬ 
cipitation of 01 “ can then be calculated. 

(5) Hide substance or protein can be determined by the usual Kjeldahl-G urming 
method as given in the official American Leather Chemists Association methods. 
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Chapter 12 
Aldehyde Tanning 

In Volume II of the second edition of this monograph, Wilson discussed 
fully the data relating to the protein-formaldehyde reaction as it had been 
developed up to 1928. Since 1928, however, numerous researches have been 
made and published regarding the mechanism of this reaction. This reaction 
is of great importance not only in the manufacture of formaldehyde-tanned 
leather but in any theoretical studies and interpretation of all tannages. 

Sorensen 26 in 1907 found that in the titration of amino acids, if formalde¬ 
hyde was added, a sharp end point resulted in the presence of phenolphthalein. 
Sorensen believed that water, formaldehyde, amino acid and alkali were in 
equilibrium and that the reaction might be represented by the equation: 

HOOO—R —Nil 2 4- CH 2 <) —>~1l()()C—R—N= sCH 2 + H*0 

The Sorensen “formol” titration used in protein chemistry is based upon this 
reaction. Harris 11 preferred to take another viewpoint, namely, that the 
system is dependent on a compound of an amino acid and formaldehyde and 
has a dissociation constant different from that of the original amino acid. 
Harris used the zwitterion concept of Bjerrum 1 and postulated the reaction 
of the amino acid and formaldehyde as follows: 

~OOC—R—Nil** 4 CH*0—^-OOC—n—Nlh^ -CH 2 0 + 11+ 

The work of Harris and Birch and Harris gave experimental support to the 
zwitterion concept of Bjerrum. The titration of glycine in the presence of 
increasing concentration of formaldehyde is shown in Figure 104. This 
shows definitely that the addition of formaldehyde in no way affects the 
titration of gtycine in the acid zone, but does markedly affect it in the alkaline 
region. Adams and Bjerrum had advanced a similar hypothesis in 1916 
and 1923. Harris explained the reaction as repression of the acidic ions upon 
acid titration and of basic ions upon alkaline titration. 

Bergmann 8 found that glycine ethyl ester combined with three molecules 
of formaldehyde, and was further able to isolate a triformal derivative of 
glycine. He found that this compound changed to the monoforrnol derivative 
in alkaline solution. The preparation of the triformal compound of Bergmann 
led to the widespread belief that in the protein-formaldehyde reaction more 
than one molecule of formaldehyde combined with each basic group. Investi- 
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gations based on equilibrium data and equilibrium constants led Tomiyama 33 
to the conclusion that the mono-amino acids react with only one molecule of 
formaldehyde in the pH range 8.0 to 10.0. Tomiyama concluded that only 
the anionic form of the amino acid, ~OOC— R N1T 2 , reacted with formalde¬ 
hyde. He considered the reaction in terms of the electronic theory and 
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pictured the formaldehyde as a dipolar molecule, +CH 2 0~. Then, since the 
amino or imino group of the anionic form of the amino acid has two unshared 
electrons, the two components react to give 

HE HE 

R : N : + O : 0 : —R : N : C : O : 

H II E H 

Some investigators suggest, however, that if an associated compound is 
formed, it might make little difference whether the anionic or the zwitterion 
form of the amino acid were used, since the proton of the —NIL* group is 
released wdien the —-Nils 4 group reacts with the aldehyde, and this proton is 
in turn accepted by the anions of the system 

~()()C'~R—Nil* + OIU) —>- ~OOC—K—NE 2 • 01 f*() (I) 

~0()C—R—Nil/ -+ CE 2 0—> “OOC—R-NIh CIhO + 11+ (TI) 

We have but little experimental evidence, however, to substantiate equation 
II and the present authors are inclined to believe that equation I represents 
the true facts. A similar mechanism was suggested by Wilson, 37 w r ho also 
suggested more than a simple co-ordination of the electron-deficient carbon 
atom of the formaldehyde with the nitrogen atom of the amino group, and 
postulated long chains of polymerized formaldehyde molecules, - -R—Nlla- 

CHaO-CHiO-CHiO. 

Levy and Silberman 17 criticized the work of Tomiyama and maintained that 
amino acids may combine with either one or two molecules of formaldehyde. 
Balson and Lawson 2 pointed out that Tomiyama’s investigations were made 
in relatively dilute formaldehyde solution and that therefore under those 
conditions it was not surprising that only one molecule of aldehyde reacted. 
The data indicated that up to three mols of formaldehyde may react. They 
suggested that the number of formaldehyde molecules which may react 
depends upon the number of II atoms attached to the N atom, and therefore 
have proposed the following reactions: 

NH + CH*0 —N CILOII 
—NIL + CHiO—NH-CHtOH + CII 2 0—> 
yCEjOH /CH 2 (X 

— N< 4- CE*0 —^ — N< >CH, 

x CH 2 OII x CH 2 <X 

The formation of a triformal derivative is in line with ideas expressed by 
Stiasny, 28 who believed that formaldehyde first reacted with the basic groups 
of gelatin, changing these to neutral ones. Stiasny suggested that inter¬ 
mediate triformal derivatives were formed, which then reverted to the mono- 
formal one: 
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After this first reaction occurred, Stiasny believed a second and slower reaction 
took place at the numerous peptide linkages. He postulated the formation 
of mcthylol groups at the imino groups: 

OH 

1?—CO—NIT -II' + of£ —> R—fX> -N— It' 

\)II I + 11*0 

OJIiOH 

Gerngross 10 claimed to have proved that formaldehyde does not react 
with the imidazole group of histidine; but here again other data dispute 
this claim. Stiasny has pointed out that the collagen-formaldehyde reaction 
influences not only the acid and base fixation but also affects the fixation of 
tanning substances and dyes. 

Reiner and Marton 23 suggested the following reaction between protein 
and formaldehyde: 

~NIV —N1I*;CH,() 

(Ti.o —*\\<( 

Yoo- -COOII 

the aldehyde being held to the freed amino group through secondary valence* 
Einhour 0 showed that acid amides combine with formaldehyde as follows: 

R--OONH, 1 CH s O —> R—OONH OH 2 OlI 


Gherbuliez and Fior, 7 and later Bergmann, 3 found that diketopiperazines react 
with formaldehyde, taking up two mols of the aldehyde: 


tl 

N 

/ \ 

O-C Vll 2 

id: <k=o 

\ / 

N 

II 


Y 2(114)- 


N—(UliOH 

/ \ 

()—(1 CUt 

lid c=o 


N- CHjOIl 


Wadsworth and Pangbom 85 have concluded that there may be three 
stages in the protein-formaldehyde reaction: (1) the formation of a loosely 
associated compound; (2) the transformation of this into a labile chemical 
compound; and (3) further transformation into a stable compound. 

Studies of the protein-formaldehyde reaction up until 1939 were seriously 
handicapped by the lack of a positive method of determining formaldehyde 
fixed by the protein. Gerngross and Gorges 10 used as an index of the amount 
of tannage the resistance of the formaldehyde-tanned leather to hydrolysis 
by hot water, as measured by the amount of soluble nitrogen obtained under 
standardized conditions. The experimental data of Gerngross and Gorges 
has been fully covered in Volume II of the Second Edition of this monograph. 
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In 1936, Theis and Schaffer 29 applied to this same problem the measure¬ 
ment of the increase in the shrinkage temperature of skin tanned with formalde- 
Jiyde compared with untanned skin, when treated with water of in (Teasing 
temperature. This method, while important, gave no indication of the 
amounts of aldehyde actually fixed by the protein. In 1938, Highberger 
and Retzsch 13 developed a method for the determination of bound formalde¬ 
hyde which has proved both practical and helpful in subsequent experimenta¬ 
tion by many investigators. This method is given in full below. 

Highberger and Retzsch Method 

“The sample of leather to be analyzed should be reduced, by grinding in a Wiley mill 
or other means, to a fairly fine state of subdivision, similar to that of coarse hide powder. 
A quantity, amounting to 1 to 2 grams, of tiie sample thus prepared is weighed into a 500-mi 
Kjeldahl flask. Ordinarily 2 grams is the most convenient amount to use, but occasions 
may be encountered where it may be desirable to increase or decrease the amount taken. 
It is unnecessary to record the sample weight beyond the nearest milligram. 

“Apparatus: The apparatus used is the simple distillation outfit with vertical con¬ 
denser shown in Figure 105. A 500-ml Kjeldahl flask, containing the sample and hydro¬ 
lysing acid, and heated by a Bunsen burner, is connected through a Kjeldahl distilling 
trap and bent glass tubing to a 250-nun bulb-type Allihn condenser used m the vertical 
position. The distillation trap is carried m the Kjeldahl flask m a No. 6 rubber stopper, 
and all other connections are made with rubber tubing, care being taken to see that the 
* glass ends adjoin each other. The lower end of the condenser is connected to a delivery 
tube which dips beneath the surface of the liquid in a 300-mi Krlenmeyer flask. 

u Distillation: Sufficient sodium bisulfite solution for the amount of formaldehyde 
expected is placed in a 300-ml Krlenmeyer flask, which is then placed in position on the 
apparatus, as shown in Figure 105. A little distilled water may be added to ensure a 
volume sufficient to prevent the admittance of air when the solution is sucked partiall> 
into the condenser. The sodium bisulfite solution is made up to contain 12 grams per 
liter, and 10 ml of this are ordinarily ample to handle the formaldehyde obtained from the 
weights of sample specified. As mentioned in the discussion of the titration, a large excess 
of bisulfite is necessary to ensure complete binding of the formaldehyde. The following 
schedule will give an idea of the amounts of bisulfite solution necessary to use: 

For amounts of formaldehyde up to 0.04 gram use 10 ml bisulfite. 

For amounts of formaldehyde up to 0.08 gram use 25 ml bisulfite. 

For amounts of formaldehyde up to 0.17 gram use 50 ml bisulfite. 

“These figures are baaed on our own experience of the maximum amounts of formalde¬ 
hyde that may be safely handled by the quantities of bisulfite specified. In any case 
where the amount of formaldehyde determined is equal to the maximum for the bisulfite 
used, it is advisable to repeat the determination using either the same sample weight and 
double the quantity of bisulfite, or one-half the sample weight and the same quantity of 
bisulfite. 

“The bisulfite solution should be freshly made up at frequent intervals, and should be 
protected from the air as much as possible. While the addition of many organic sub¬ 
stances, such as alcohol or glycerin, exerts a marked stabilizing action, the use of these in 
the solution before distillation must be avoided. On long standing, and particularly In 
the aeration which occurs during distillation, some bisulfite is bound by these substances 
due to oxidation, with the production of a positive error in the subsequent Clausen titration. 

“When the receiving flask with the bisulfite solution is m place, 100 ml of approximately 
2 N sulfuric acid are added to the Kjeldahl flask containing the sample, which is immediately 
connected to the apparatus, and distillation started. The distillation flask is heated with 
an ordinary Bunsen burner, and the flame is regulated to produce an even boiling, and 
not too rapid distillation. Trouble with foaming is seldom encountered if care is taken 
not to heat too rapidly at the start. The flask may be rotated gently to bring down 
particles of the sample which adhere to the upper walls of the flask, and care must be taken 
ip avoid scorching any part of the sample. 

\ “After a few minutes in most cases the sample will be completely dissolved, except 
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for any insoluble pigments or other acid resistant material which may be present. The 
distillation is then continued steadily until only about 10 ml remain in the flask. This 
usually requires from forty-five minutes to one hour. It is necessary to distill over practi¬ 
cally the whole of the liquid in order to obtain a quantitative recovery of the formaldehyde; 
on the other hand, the distillation must not be continued so far as to produce dryness, 
or a syrup \yhich will scorch. The distillation is properly stopped when definite white 
fumes are observed to be starting to form above the residue of liquid in the distilling flask, 
and before they have become copious enough to be seen in the trap. 

“At this point the apparatus is disconnected at the top of the condenser, the flame is 
removed from under the Kjeldahl flask, and the inside of the condenser is washed down 
into the receiving flask, using several portions of distilled water. The delivery tube is 
then removed and washed off into the receiving flask, which is then stoppered and allowed 
to stand for about 15 minutes. 



11 Titration: At the end of the above period 3 to 5 ml of 1 per cent stare,h indicator are 
added to the solution, and 0.1 A r iodine is run m until the first blue starch end-point is 
reached. Care must be taken to adjust this end-point, so that it represents an excess of 
not more than 1 drop of iodine. The quantity ot iodine used in this first titration does 
not enter into the calculation of results. 

“When the first end-point is readied, from 10 to 15 ml of 95 per cent, ethyl alcohol 
are added to the solution and well mixed. A quantity of 5 per cent sodium carbonate 
solution, equal in volume to the volume of 1.2 per cent bisulfite solution originally taken, 
is then added from a graduated cylinder, and the, final titration with 0.1 A iodine is started 
as soon as the blue color of the first endpoint is discharged, which should be immediately 
if there is any formaldehyde present. The titration should be conducted as rapidly as 
possible, without allowing a large excess of iodine to be present in the solution at any time. 
If the alkalinity has been correctly adjusted, it will be found that the iodine will bo consumed 
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as rapidly ae it can be added, during the greater part of the titration. As the end-point 
is approached, however, the rate of iodine consumption slows up, and when this occurs 
2 or 3 ml more of the carbonate solution may be added. If, m spite of increasing the 
alkalinity, the rate of iodine consumption is stifl slow, it is an indication that the end-point 
is close. It is necessary to add the iodine drop by drop at this stage, swirling the solution 
in the flask for a few seconds until the blue color fades. Not more than a few drops are 
required in this manner to reach the sure end-point, which should be perfectly stable oven 
after the addition of a further small quantity (2 or 3 ml) of carbonate solution. Phenol- 
phthalein paper should show a definite red at the end of the titration. 

“It must be emphasized that the true end-point of the titration is the definite, rather 
deep blue color characteristic of iodine-starch titrations. For some reason which is not 
clear, w r e have occasionally obtained solutions, usually in the analysis of commercial leathers, 
in wriich a faint bluish-pink coloration persisted throughout the second titration. This 
does not seem to interfere, however, and even under these conditions the sure end-point is 
readily observed with an accuracy of 1 or 2 drops. 

“In the calculation of the results, each ml of 0.1 A r iodine used in the second titration is 
equivalent to 0.0015 gram formaldehyde ( 01120 ).“ 

While the authors believe the method developed by Highberger and 
Retech is to be preferred, a modified Romijn method used by Rowes and 
Pleass® is given as outlined by those writers. 

Bowes and Pleass Method 

“The protein was removed from the experimental solution and thoroughly washed 
on a filter pump with a solution at the same pH as that of the experimental solution after 
use. The formaldehyde in the protein, immediately after washing, was estimated and in 
another series of experiments the protein was dried for 6 days at 70 per cent relative humidity 
before the estimation of the formaldehyde was carried out. In both series the protein 
was acidified with 40 cc N sulfuric acid and the formaldehyde was driven off by steam 
distillation through a condenser into a water-cooled flask. It was found that in order to 
recover all the formaldehyde it was necessary to collect 500 cc of distillate. After mixing 
well the first 500 cc of distillate, 100 cc was placed in a stoppered flask and mixed with 25 
cc N sodium hydroxide and 20 cc 0.5.V iodine. After one minute 40 cc N sulfuric acid 
were added and after a further 5 minutes the excess of iodine was back-titrated with 0.1 A r 
thiosulfate. Standard 0.1 N thiosulfate was prepared and the concentration of the iodine 
solution was checked frequently, following the above technique. The amount of formalde¬ 
hyde recovered from the protein was calculated from the volume of iodine which had com¬ 
bined with the formaldehyde, 1 cc of 0.2A r iodine solution being equivalent to 0.003 g of 
formaldehyde: 

IICHO + h + IbO - 2HI + HCOOH 

“The moisture content of the collagen, hair and silk was determined by diying to 
constant weight in a vacuum oven at 100° C, and all results have been expressed on the 
weight of protein after drying.” 

Mechanism of Protein-Formaldehyde Reaction 

A study of the literature to date has shown that considerable divergence 
of opinion exists regarding the mechanism of the protein-formaldehyde 
reaction. 

In 1938, Dyachenoko and Shelpakova 8 studied the tanning of casein by 
means of foijnaldehyde. These workers found that in an alkaline solution 
of pH value 10.4, casein reacts with formaldehyde to form a methylene com- 

N « CH 2 

pound of the type R , the solution giving a continued rapid 

^COOH 
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increase in viscosity up to complete gelatinization. They further found 
that under neutral or weakly acid conditions, 1 mol of formaldehyde reacted 
with 2 amino groups, forming a methylene bridge, —NH—CHa—HN—. It 
was also found that tanning casein by means of other aldehydes gave aldehyde 
compounds having specific characteristics and represented by the formulas: 

—N If—OIl 2 —HN— - -N H ~~OH 2 —HN— 

iii 3 in 

(^H: 

acetaldehyde-casein acrolein-casein 

Dyachenoko and Shelpakova found that the bridging in casein-aldehyde 
compounds was a reversible process, being altered by prolonged boiling. 
Boiling appears to destroy the methylene bridge, splitting off aldehyde 
quantitatively. In 1939, Holland 16 * suggested that it is desirable to postulate 
the formation of cross linkages to explain the properties of formaldehyde 
tannage, lie seemed to think that at pH values of 2.0 and 4.0 most of the 
formaldehyde is attached to the amide groups and is not in the forms of 
methylene bridges. 

The most inclusive researches relative to the protein-formaldehyde reaction 
conducted since 1936 are those of Highberger 14 and his colleagues and of 
Theis ,{0 and his students, in their studies of formaldehyde-tanned leather. 
This work will be discussed in detail under appropriate headings. 

The Effect of Hydrogen-ion Concentration and Formaldehyde Concentration 

Early studies of formaldehyde tannage had shown that the pH value of 
the reaction has a profound effect upon the formaldehyde fixation and upon 
the physical properties of the leather produced. The reader is referred to the 
researches of Thomas, Kelly and Foster* 2 given in some detail in Volume II 
of the second edition of this monograph. From 1934 to 1942 Highberger 
et ai and Theis et al. made a comprehensive investigation of the influence of 
pH values upon formaldehyde-fixation by skin collagen, silk fibroin, and wool 
keratin. 

In their investigations, Highberger and Retzsch employed a special purified 
collagen hide powder and a 24-hour reaction period in phosphate-buffered 
solutions. At the end of the 24-hour period, the collagen-formaldehyde com¬ 
pound was washed over night in a Wilson-Kern apparatus, using 15-19 liters 
of distilled water. The pH range studied was from 4.0 to 11.5. The data 
obtained are shown in Tables 144 to 148 and in Figure 106. 

Highberger and Retzsch noted that the curves representing the formalde¬ 
hyde-fixation as a function of pH form a roughly parallel family for the 
different concentrations of formaldehyde. With regard to these curves, it 
was noted: (a) all the curves show a minimum fixation in the acid zone; 
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Table 144. Two Grams Collagen Powder Tanned 24 Hours in 100 ml 0.1 M Phosphate 
Buffer Solutions Containing Formaldehyde. 


Final 

Grams Formaldehyde 

Grams Formaldehyde 

Fixed per Omni 

MiUimola Formaldehyde 
Fixed per Gram 
Collagen 

pH 

per 100 ml 

Coil agon 

5.02 

0.25 

0.0022 

0.07 

4.96 

1.0 

0.0047 

0.16 

4.82 

3.0 

0.0097 

0.32 

5.08 

5.0 

0.0112 

0.37 

6.14 

0.25 

0.0048 

0.16 

6.15 

0.5 

0.0072 

0.24 

6.12 

3.0 

0.0031 

0.44 

6.14 

5.0 

0.0152 

0.51 

6.92 

0.25 

0.0074 

0.25 

6.92 

0.5 

0.0094 

0.31 

6.97 

1.0 

0.0124 

0.41 

6.91 

3.0 

0.0147 

0.49 

6.92 

5.0 

0.0162 

0.54 

8.08 

0.25 

0.0113 

0.38 

8.02 

0.5 

0.0126 

0.42 

8.12 

1.0 

0.0138 

0.46 ■ 

7.90 

3.0 

0.0J73 

0.58 

7.85 

5.0 

0.0191 

0.64 

10.19 

0.25 

0.0136 

0.45 

10.12 

0.5 

0.0191 

0.64 

10.02 

1 0 

0.0231 

0.77 

9.86 

3.0 

0.0303 

l 01 

9.92 

5.0 

0 0369 

1.23 

Table 145. 

Two Grams Collagen Powder Tanned 24 Hours m 100 ml 0.1 M Phosphate 


Buffer Containing 0.25 Gram Formaldehyde. 



Final pH 

Grams Formaldehyde 

Fixed per Gram 

Collagen 

Mill muds Formaldehyde 
Fix«>d pel Chain 
Collagen 

8.13 

0.0111 

0.37 

8.16 

0.0112 

0.37 

8.21 

0.0115 

0.38 

8.50 

0.0120 

0.40 

8.60 

0.0121 

0 40 

8.91 

0.0331 

0.44 

8.92 

0.0135 

0.45 

9.84 

0.0157 

0.52 


Table 146. Two Grams Collagen Powder Tanned 24 Hours in 100 ml 0.1 Af Phosphate 
Buffer Containing 0.5 Gram Formaldehyde 

Grains Fwunuldehyde Millimole Fnrmahlch\de 

Fixed per (Trani Fixed per Gram 

' Final pH Collagen Collagen 


7.30 

0.0104 

0.35 

7.40 

0.0108 

0.36 

7.70 

0.0116 

0.39 

7.82 

0.0121 

0.40 

7.93 

0.0124 

0.41 

8.16 

0.0127 

0.42 

8.36 

0.0130 

0.43 

8.71 

0.0139 

0.46 

8.82 

0.0143 

0.48 

8.82 

0.0154 

0.51 

9.25 

0.0164 

0.55 

9,66 

0.0182 

0.61 

9.70 

0.0181 

0.60 

9.82 

0.0184 

0.61 
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Table 147. Two Grams Collagen Powder Tanned 24 Hours in 100 ml 0.1 AX Phosphate 
Buffer Containing 1.0 Gram Formaldehyde. 


Final pH 

Grams Formaldehyde. 

Fixed per Gram 

Collagen 

Millimole Formaldehyde 
Fixed per Gram 
Collagen 

3.77 

0.0018 

0.06 

4.05 

0.0035 

0.12 

4.90 

0.0058 

0.19 

5.30 

0.0060 

0.20 

5.73 

0.0084 

0.28 

5.95 

0.0070 

0.25 

6.28 

0.0109 

0.37 

6.30 

0.0104 

0.35 

0.63 

0.0102 

0.34 

0.00 

0.0200 

0.40 

0.85 

0.0113 

0.38 

6.80 

0.0123 

0.41 

7.07 

0.0128 

0.43 

7.11 

0.0122 

0.41 

7.23 

0.0127 

0.42 

7.48 

0.0123 

0.41 

7.54 

0.0125 

0.42 

7.72 

0.0127 

0.42 

7.80 

0.0131 

0.44 

7.94 

0.0131 

0.44 

8.39 

0.0138 

0.46 

8.00 

0.0145 

0.48 

9.00 

0.0203 

0.08 

11.86 

0.0279 

0.93 


Table 148. Two Grams Collagen Powder Tanned 24 Hours in 100 ml 0AM Phosphate 
Buffer Containing 3.0 Grains Formaldehyde. 


Final pH 

Grams Formaldehyde 

Fixed per Gram 

Collagen 

Millimols Formaldehyde 
lixed per Gram 
Collagen 

3.93 

0.0008 

0.23 

4.09 

0.0080 

0.29 

4.38 

0.0092 

0.31 

4.99 

0.0104 

0.35 

5.00 

0.0105 

0.35 

5.30 

0.0110 

0.37 

5.39 

0.0115 

0.38 

5.50 

0.0109 

0.37 

5.54 

0.0111 

0.37 

5.69 

0.0122 

0.41 

5.70 

0.0124 

0.41 

5.88 

0.0121 

0.40 

5.96 

0.0134 

0.45 

0.17 

0.0136 

0.45 

6.40 

0.0144 

0.48 

6.64 

0.0153 

0.51 

7.28 

0.0101 

0.54 

8.00 

0.0197 

0 60 

9.35 

0.0203 

0.88 

9.37 

0.0310 

1.03 
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(b) the amount of formaldehyde fixation increases with increase in pH value; 

(c) there is a marked difference in the shape of the four curves; (d) those 
curves representing intermediate formaldehyde concentration show well 



Figure 106 


defined breaks at pH values of approximately 7.0 or 8.0; (e) the curve for the 
lowest concentration Ls practically a straight line; and (f) the curve for the 
highest formaldehyde concentration rises very steeply between pH 8.0 and 
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Figure 107 
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10.0. Highberger and Retzsch believe it is significant that the breaks in 
the formaldehyde-fixation curves occur at approximately 0.4 millimol per 
gram of collagen, since this value is very close to the amount of lysine known 



Figure 108 


to be present. In the reaction of formaldehyde with collagen, these investi¬ 
gators believe only the undissociated amino groups are involved. They 
further postulate that the steep rise in the curves at pH values greater than 
8.0 is due to combination with the strong basic guanidino groups of arginine. 
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They make this suggestion even though lysine is not in the completely 
undissociated state until a pH value of 10 is reached, and arginine not until 
pH 14.0 is attained. 

Highberger and Retzsch point out that with increasing formaldehyde 
concentration, the formaldehyde may react with the imino groups of the 
peptide chain, since these particular groups are less basic than the amino 
or guanidino groups and should be undissociated in the acid zone. This 
statement, the authors believe, is contradictory to some of their other claims. 

In a later work, Highberger and Salcedo point out that the amounts of 
formaldehyde fixed with collagen increase with increasing concentrations 
of the formaldehyde solution at all pH values. The curves in this investiga¬ 
tion all show definite breaks or flat portions in the isoelectric zone. These 
investigators point out that the breaks aie not all located at the lysine 
equivalence point, as was the case in their earlier work, but instead occur at 
higher values for bound aldehyde. They interpret these data as an indication 
of the freedom of amino and guanidino groups of the collagen to react with 
more than one molecule of formaldehyde in the more concentrated solutions. 
They further state that such data preclude any reaction of the imino groups 
of the polypeptide chain and the formation of methylene bridges. The data 
are shown in Figures 107 and 108. 

Bowes and Pleass 6 made a study similar to that of Highberger and Retzsch, 
but extended their investigation to include hair and silk. Their work 
included only one concentration of formaldehyde, namely, a one per cent 
solution. These investigations showed that silk bound but very little form¬ 
aldehyde, and that hair and collagen behaved somewhat alike. They came 
to essentially the same theoretical conclusions as those of Highberger and 
Retzsch. 

Theis and Schaffer 20 in 1936 measured the shrinkage temperature of many 
varieties of formaldehyde-tanned leathers. They studied the effect of time, 
temperature, concentration and pH value of formaldehyde tannage. Their 
results are shown in Figure 109. Iri a later work (1939) Theis and Priestly 30 
augmented their earlier investigations by a study of the increase of shrinkage 
temperature caused by formaldehyde tannage and by estimation of the 
bound aldehyde. For this work, bated calf skin w r as used, at room tempera¬ 
ture and for a 24-hour tanning period. After tannage, the formaldehyde- 
treated skin was washed for several hours with distilled water. For the one 
per cent formaldehyde solution, the aldehyde-fixation curve was similar to 
that obtained by Highberger and Retzsch. The data obtained are shown 
in Table 149 and in Figure 110. The shrinkage temperature measurements 
indicate little “leathering” in the pH range 1.0 to 2.0; but a drastic increase 
in this factor occurs at pH values greater than 2.0. From these data Theis 
and Priestly suggested the concept of earlier workers, namely, the idea of 
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Figure 109. Effect of concentration, temperature, time and pH value upon 
formaldehyde tannage. 
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Table 149. Effect of pH upon Formaldehyde-fixation and upon the Resulting Shrinkage 

Temperature of Leather. 


pH 

% 

CHaO 

Shrinkage 

Temperature 

Shrinkage 

1 

0.24 

45.0 

39.0 

2 

0.17 

45.0 

53.1 

3 

0.36 

76.0 

68.4 

4 

0.58 

80.4 

68.4 

5 

0.39 

78.6 

67.1 

6 

0.54 

82.0 

67.1 

7 

0.54 

82.0 

60 6 

8 

0.92 

83.5 

60 6 

9 

1.09 

84.0 

G4.8 

10 

1.54 

84.0 

60.9 

11 

2.59 

83.5 

46.3 

12 

3.01 

79.5 

46.3 



Figure 110. Effect of pU value of formaldehyde upon tannage of bated 

calf skin. 
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methylene bridges between adjacent polypeptide chains. They suggested the 
possibility of formaldehyde reaction between imino groups of adjacent chains 

\ / \ / 

in the acid zone NH HN +CIW)-* N—C1I 2 —N . At pH 

/ \ / \ 

values greater than that of the isoelectric point, the possibility of methylene 

bridges between free and undissociated amino groups in juxtaposition was 
postulated. These claims were based upon the striking increase in resistance 
to temperature at pH values of 3.0 or more, since the mere exchange of hydro¬ 
gen atoms for a CII 2 group could hardly account for such great increases in 
this physical factor. 

In this same investigation, Theis and Priestly studied the effect of increas¬ 
ing formaldehyde concentration. Their data are given in Table 150 and in 
Figure 111. 

Table 150. 


CHjO 


% 

Mola 

Shrinkage 

Temperature 

<°C) 

% 

Concentration 

pH 

Cl HO* 

OUsOf 

Shrinkage 

0.25 

2 

0.11 

1 28 

46 

47.3 

0.50 

2 

0.17 

1.35 

47 

53.0 

1.00 

2 

0.17 

1.58 

45 

53.1 

2.00 

2 

0.29 

3.28 

65 

64.8 

3.00 

2 

0.41 

4.76 

73 

65.1 

4.00 

2 

0.50 

5.16 

76 

67.2 

5.00 

2 

0.52 

5.95 

78 

67.3 

0.25 

10 

1.66 

19.1 

81.5 

52.9 

0.50 

10 

1.61 

18.5 

81.5 

56.8 

1.00 

10 

1.54 

17.7 

84.0 

60.9 

2.00 

10 

1.95 

22.4 

83.5 

52.8 

3.00 

10 

2.65 

30.5 

83.0 

45.0 

4.00 

10 

2.77 

31.8 

84.5 

47.3 

5.00 

10 

3.21 

36.9 

82.5 

61.0 


* Based on hide substance, 
t Moles CHjO per mole collagen. 


Examination of these data reveals that at pH 2.0, the increase of shrinkage 
temperature of the collagen-formaldehyde compound changes drastically 
with rising concentration of formaldel^de, while at pH 10.0, such increase is 
very slight. The increase in bound formaldehyde rises strikingly with increase 
in formaldehyde concentration at all reasonable pH values. It is difficult 
to imagine the fully dissociated lysine amino groups reacting with formalde¬ 
hyde at pH 2.0, as suggested by Highberger et al. It would seem to the 
authors that swelling, hydration and reaction with acid amide and imino 
groups would be the more reasonable explanation. 

In order to free the protein-formaldehyde compound of occluded free 
formaldehyde, Highberger and his colleagues used either distilled water or a 
very dilute sulfite solution in a continuous washing process. Highberger 
believed that such a method would remove the free formaldehyde from the 
protein-formaldehyde compound and not in any way influence the fixed 
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Figure 111. Effect of formaldehyde concentration during tanning upon formaldehyde 
fixation—upon shrinkage—upon leathering. 


formaldehyde. Theis and Ottens found that continuous washing with water 
removed fixed formaldehyde, even when the pH value of the wash water was 
maintained the same as that of the residual tan solution. They also found 
that sulfite washing gave low results. Realizing the extreme importance of 
this factor in studying formaldehyde tanning, Theis and Lams 30 investigated 
the high-pressure technique of McLaughlin and Adams, 18 which had been 
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used very successfully by them in the study of acid- and base-combining 
capacity of collagen. 19 This technique has been previously described; it 
involves pressing the collagen-formaldehyde compound several times under 
pressures of 5-10,000 pounds per square inch. Both McLaughlin and Tlieis 
have shown in their published works that this pressure removes essentially 
all of the free water and free electrolyte. In applying this particular technique 
to the protein-formaldehyde compound, it was assumed that pressure would 
remove ail the free or unbound formaldehyde. 

Using this technique, Theis and Lams reinvestigated the formaldehyde- 
fixation of collagen, wool-keratin and silk-fibroin over a wide pH range and at 
several different formaldehyde concentrations. The data obtained for 
collagen in this study are shown in Table 151 and in Figure 112. They show 
not only the formaldehyde-fixation but also the acid and base bound by the 
collagen-formaldehyde compound. (hi ve A show s the normal acid- and base- 
binding capacity of native collagen: a maximum acid fixation of 0.87 milli- 
equivalont per gram of protein; a maximum base fixation of 0.38 milliequiv- 
alent; an isoionic point of 6.5; a wide plateau in the pIT range 7.0 to 9.0 
indicative of the back-titration of histidine; and a sharp point of inflection 
at pH 10.0, beginning the back-titration of the basic groups of lysine. Curve 
B represents the titration curve of the collagen treated with acidic or basic 
one-per cent formaldehyde. This curve is identical with A in the pll range 
0.8 to 9.0. There is no indication of a shift in the isoionic point of the treated 
collagen. 

In the pH range 9.0 to 11.0, more base is bound than is the ease for the 
untreated collagen, indicative of the reaction between the amino groups of 
lysine and formaldehyde. The tw r o curves A and B merge at pH 12.0 and 
approach a maximum base-binding value. Curve C represents the acid and 
base bound by collagen in the presence of 5 per cent formaldehyde. This 
curve is also identical with that of A in the pH range 0.8 to 7.0 and definitely 
shows no shift in the isoionic point. However, due to the large excess of 
formaldehyde present during the reaction, definitely more base is bound in 
the pH range 7.0 to 12.0. The binding of base in this region strongly indicates 
that the basic groups of lysine have been more or less changed by the formalde¬ 
hyde. At pH 12.0, all the titration curves appear to merge and tend toward 
a maximum base-binding value. Curve D pictures the fixed formaldehyde 
in the one-per cent formaldehyde fixed at pH 1.0, thereafter increasing almost 
as a straight-line function of increasing pH to 0.45 milliequivalent at pH 6.5, 
or at the isoionic point. Here there is a definite break in the curve, the fixed 
formaldehyde increasing to 0.5 milliequivalent, remaining constant from pH 
7.0 to 9.5. At pH 9.5 the curve shows a decided point of inflection, the 
formaldehyde fixed increasing sharply up to pH 11.5, when a maximum value, 
approximately 0.87 milliequivalent aldehyde, is attained. At pH 11.5 there 



Table 151. The Acid, Base and Formaldehyde Bound by Collagen. 

0 0% CHaO-- ,-0 25 % CHaO-. .-0 30 % CHaO-, --1.0 % CHaO--> 

H + or OH - * pH CHaO* pH CHaO* pH H + or OH"* CHaO 

0.84 5.0 0.11 0.9 0.13 1.1 0.83 0.15 
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is again a break in the curve, indicative of a reaction with the basic groups 
of arginine. 

Figure 113 shows the effect of formaldehyde concentration upon aldehyde 
fixation by collagen. The formaldehyde concentration varied from 0.25 to 
5.0 per cent. Curves A, B, C, and D are identical with those shown in 



Figure 112. Curve E represents the fixed formaldehyde from the 0.25 per 
cent formaldehyde solution. This curve shows a marked break at pH 9.5 
and only a slight indication of a plateau zone, but shows approximately the' 
same aldehyde-fixation at 12.5 as Curve D. Curve F represents the fixed 
formaldehyde from the 0.5 per cent solution. This curve shows a slightly 
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lower aldehyde-fixation in the acid zone as compared with Curve I), a plateau 
iri the pH zone 8 to 9.5, and approximately the same aldehyde fixation as 1) 
at pH values greater than 9.5. Curves G, H, and I represent the higher 
concentrations of formaldehyde. G and H show a definite point of inflection 



and even strong indications of a plateau zone in the pll range 6.5 to 8.5. 
These curves show a decided increase in aldehyde fixation at pH 12.0. Curve 
I shows a definitely greater formaldehyde-fixation in the acid zone with a 
definite point of inflection at pH 7.0 and a maximum value of 1.6milliequiv- 
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alents formaldehyde bound at pH 12,0. Curves G, II, and I all show a 
certain decrease in aldehyde fixation at pH values greater than 12.0 because 
the Cannizzaro reaction takes place in this range. 

The data secured by Theis and Lams, although they indicate somewhat the 
same trend as do those given by Highbcrger, are not in agreement in certain 
zones, as can be seen from Figure 114, in which the washing method used by 
Highberger et al and of Bowes and PleaSvS is compared with the pressing method 
used by Theis. The plateau zones shown by Theis arc much broader than those 



given by Highberger. These zones are of extreme importance, since they 
represent the trend of a particular reaction. Highberger claims this reaction 
to be the binding of formaldehyde with the amino groups of lysine, but Theis 
believes the flat plateau region represents the binding of formaldehyde by 
histidine (since this plateau corresponds to a similar one in the normal titra¬ 
tion curve). This suggestion is at variance with the expressions of other 
investigators in this field. Theis and Lams further suggest that in moderate 
concentrations of formaldehyde, lysine is not affected until after the histidine 
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has reacted, or not until a pH of 9.5 is reached. It is in the pH range of 9.5 
to 12.0 that the amino groups of lysine react with the formaldehyde. To 
explain the trend of their curves, Theis and Lams suggest that in the acid 
zone and up to pH 6.5, formaldehyde reacts with the weakly basic irnino 
groups in juxtaposition, forming methylene bonds or bridges between poly¬ 
peptide chains: 

^NH CH 2 0 HN^--CII 2 -N^4 H 2 0 

/ \ / \ 

At pH 6.5 histidine reacts with the formaldehyde, giving rise to a plateau 
region in the curve, this zone corresponding to a similar zone in the normal 



titration curve. As the amino groups of lysine come into play, a definite 
point of inflection is noted and the fixation of formaldehyde increases sharply. 
At about pH 12.0, the formaldehyde-fixation curve tends toward a maximum. 
Theis and Lams suggest that the guanidino groups of arginine play no part 
in the normal formaldehyde reaction. They point out that only if the reaction 
were carried out at pH values of 13.0 or higher would these basic groups react 
with the aldehyde. This is definitely shown by the break in the curves at 
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pH 11.5. In the ranges of pH 9.0 to 12.0, lysine appears to combine with one 
molecule of formaldehyde. At higher concentrations of formaldehyde, it is 
apparent that lysine may combine with 2 moles of formaldehyde. Theis 
and Lams point out from their data that it seems entirely likely that over the 
entire pH range, formaldehyde reacts with imino groups of the polypeptide 
chain. They offer as a proof of this statement the data relative to the shrink¬ 
age temperature of formaldehyde-treated collagen. Figure 115 shows these 
data. This figure demonstrates that even in very low concentrations of form¬ 
aldehyde (0.5 per cent) increase in shrinkage temperature occurs over the 
entire pH range. In the acid zone, pH 3.0 to 6.0, the shrinkage temperature 
increases from 55° to 80°. At pH values greater than G.0, it increases to 85°. 
With a 1.0 per cent formaldehyde solution, the shrinkage temperature follows 
the same trend as that shown for the 0.5 per cent solution; but in the acid 
zone, pH 3.0 to 7.0, the shrinkage temperature of the collagen-formaldehyde 
compound is slightly higher. With a 5 per cent formaldehyde solution, a 
sharp increase in shrinkage temperature takes place in the acid zone, pH 1.0 to 
6.0. This is undoubtedly due to a mass action effect, causing a greater 
number of imino groups to react, resulting in a greater number of methylene 
bridges. Curves B, C, and D follow the same trend, as shown for the curves 
representing formaldehyde fixation in Figure 113. 

In the considered judgment of the authors, there are two distinct reactions 
of formaldehyde with collagen in the pH range 1.0 to 11.0; (1) the binding of 
aldehyde with the free basic imino groups in juxtaposition, which accounts 
in the main for the increased structural cohesive forces. This particular 
binding increases with pH value up to the isoionic point, and then remains 
essentially constant with increasing pH value. (2) The increased fixation of 
formaldehyde at pH values greater than the isoionic point with the more 
basic groups of histidine and lysine. In the authors' opinion, this second 
type of reaction adds materially to the fixed formaldehyde, but little or nothing 
to the structural network of the collagen-formaldehyde compound. This 
opinion is borne out remarkably well in the actual manufacture of formalde¬ 
hyde-tanned leather. Practice has shown that leather produced in the pH 
range 5.0 to 8.5 is definitely superior to that produced at higher pH values, 
regardless of the fact that more formaldehyde is fixed at the higher pH values. 

The Effect of Arginine Destruction on Formaldehyde Fixation 

Sakaguchi 24 found that treating proteins in strongly alkaline solution with 
sodium hypochlorite destroyed the arginine. Histidine, tyrosine and trypto¬ 
phane were partly destroyed by this treatment. Highberger and Salcedo 
used a modification of Sakaguchi’s process for making a collagen free of 
arginine. The process used by these investigators is as follows: 
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“To 275 grams of collagen powder contained in a large flask surrounded by an ice bath, 
2 liters of distilled water were added and the mixture was allowed to stir mechanically 
lor about 15 minutes, after which 700 ml of a sodium hypochlorite solution containing 5 
per cent available chlorine were added. The mixture was again allowed to stir for about 
15 minutes, after which 2 liters of \.0N sodium hydroxide were added in portions, the 
addition requiring about 15 minutes. After some further stirring, the temperature of the 
mixture haa been lowered to about 2°, and the drop-wise addition of 2700 ml more of 
previously chilled sodium hypochlorite solution was begun. This required 4 hours, during 
which time the temperature of the mixture was maintained close to 0°, and mechanical 
stirring was continued as vigorously as possible. After all the hypochlorite solution had 
been added the mixture was allowed to stir for about 45 minutes more at the same tem¬ 
perature. The material was then removed from the flask and strained through a fine- 
meshed cloth. After soaking in 0 ,5N acetic acid for a few minutes, it was restrained and 
finally allowed to soak m acetic acid of the same strength over night in the ice box. An 
exhaustive washing with distilled water followed, after which the material was dehydrated 
in alcohol, and finally reground in the Wiley mill.” 


Table 152. Two Grams Hypochlorite-treated Collagen Powder Tanned 24 Hours in 
100 ml 0.1 M Phospnate Buffer Containing 1.0 Gram Formaldehyde. 


Final pH 

Grams Formaldehyde 

Fixed per Gram 

Collagen 

Millimols Formaldehyde 
Fixed per Gram 
Collagen 

3.88 

0.0033 

0.11 

4.77 

0.0039 

0.13 

4.83 

0.0041 

0.14 

5.61 

0.0051 

0.17 

6.02 

0.0063 

0.21 

6.55 

0.0079 

0.26 

7 15 

0.0086 

0.29 

7.50 

0.0087 

0.29 

7.74 

0 0093 

0.31 

8.18 

0.0098 

0 33 

8.41 

0.0103 

0.34 

8.71 

0.0110 

0.37 

8 98 

0.0128 

0.43 

9.50 

0.0158 

0.53 

9.87 

0.0162 

0.54 

10.10 

0.0177 

0.59 

10.33 

0.0182 

0 61 

10.43 

0.0180 

0.60 

10 57 

0.0187 

0.62 

10.83 

0.0191 

0.64 

10,96 

0.0205 

0.68 

11 01 

0.0197 

0.66 

11.02 

0.0192 

0.64 

11 08 

0.0201 

0.67 

11 09 

0.0220 

0.72 


Using the hypochlorite-treated collagen, llighberger and Salcedo studied 
its formaldehyde-fixation capacity over the pH range 4.0 to 11.0. Their 
results are shown in Table 152 and in Figure 116. llighberger and Salcedo 
noted that the general trend of the fixation curve of the hypochlorite-treated 
collagen was very similar to that for the untreated collagen but that the amount s 
of formaldehyde combined with the former are lover over the whole range, 
with the exception of the very acid end of the curve. These investigators 
claim that the essential point to be noted is that the effect of the hypochlorite 
treatment on the formaldehyde-fixation capacity of the collagen is greatest 
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above pH 8.0 and reaches its maximum in the ext reme alkaline range, which 
is the effect to be expected if the additional fixation of formaldehyde in alkaline 
solution is due to the basic groups of arginine. Highberger and Salcedo then 

1,0 

0.9 

OS 

0.7 
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05 

0.4 

0.3 
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Figure 11(5 



make the claim that their data confirm their original suggestion that the 
additional formaldehyde fixation by collagen from alkaline solution is due to 
the combination of the formaldehyde with the guanidino groups of arginine. 







ALDEHYDE TANNING 


359 


The Effect of Deaminization on Formaldehyde Fixation 

When amino acids or proteins are treated with nitrous acid, a reaction 
occurs resulting, it is believed, in a loss of nitrogen from free amino groups. 
This reaction may be pictured: 



nh 2 


OH 

(1) 

Lila—coon 

+- 1IONO- 

—F N 2 + Ib() 


NH, 


OH 

(ID 

li- coon 4 

IlONO—■ 

► It—COOH 4 N, 4 n,o 


Investigations over a great many years appear to indicate that in the 
case of proteins only the eamino groups of lysine are affected by treatment 
with nitrous acid. Van Slyke ,<8 made use of this reagent in the estimation of 
lysiuo nitrogen in his classical protein nitrogen distribution methods. Whey 
and Lewis/ 6 Vickery and Lcvenworth 34 and Stendel and Schumann 27 have 
confirmed the destruction of lysine during nitrous acid treatment. Wiley 
and Lewis maintain, however, that during such treatment, arginine remains 
unaffected. Stendel and Schumann take issue with this claim and assert 
that the arginine residue of the protein is partially destroyed. Both Wiley 
and Lewis and Stengel and Schumann claim some 50 per cent destruction of 
histidine (luring the nitrous acid treatment. 

Prideaux and Woods 2j point, out that- the deaminization must he done in 
the cold; otherwise, certain side reactions ensue which may result in un¬ 
accountable changes. These investigators claim the formation of nitroso 
groups at ordinary room temperature. The deaminization methods usually 
employed are those of Thomas and Foster or of Highbcrger and Retzsch. 
This method is: 

“Fifty grams of the powdered material were soaked thoroughly in about 500 ml of 
distilled watei, after which 250 ml ol a solution containing 50 grams of sodium mtntc were 
added and the mixture allowed to stu for about an hour At the end of this tune 42 5 
giams of glacial acetic acid were added slowly, with stirring. The suspension was stirred 
continuously for several hours, and finally allowed to stand for 24 hours with frequent 
stirring. After pouring off the excess solution, the collagen was washed thoroughly in 
running tap watei, and finally in a huge number of changes of distilled watei. It was then 
dehydrated in several changes of 95 pei cent ethyl alcohol, after which it was air-dried at 
room tempemtuie.” 

Meunier and .Schwoikert 20 in 1935 investigated the properties of deamin¬ 
ized collagen. Their data indicated that deaminization caused a decrease in 
formaldehyde fixation, that such difference was much greater at pH values 
less than 7.0 and that in no ease was the ability to bind formaldehyde lost 
entirely. Highbcrger and Retzsch reinvestigated the formaldehyde-binding 
capacity of deaminized collagen. For this work, they used a specially pre¬ 
pared collagen material. After deaminization, they studied the formalde- 
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hyde-binding capacity over a wide pH range. These data are shown in Table 
153 and in Figure 117. 

These investigators point out that their formaldehyde-fixation curve for 
the deaminized collagen is very similar to that for the normal collagen, that 
that amounts of formaldehyde fixed are much lower in all cases, that the 
slope of the deaminized curve is much Jess steep below pH 7.0, while above 
pH 8.0 the slope of the curve is about the same as that for normal collagen. 
Highberger claims that the low aldehyde-binding capacity of deaminized 
collagen, at pH values less than 8.0 is due to residual lysine residues. The 
rather steep rise in the curve at pH values greater than 8.5 is attributed to 
the reaction of the guanidine groups of arginine with formaldehyde. 


Table 153. Fixation of Formaldehyde by Deaminized Collagen. 

2.000 grams of deaminized collagen powder tanned 24 hours m 100 ml. 0.1 M phosphate 
buffer containing 3.0 gram formaldehyde. 


Final pH 

Grama Formaldehyde 

Fixed per Oram 
Deaminized Collagen 

Millimole Formaldehyde 
Fixed per Cram 
Deaminized Collagen 

5.16 

0.0014 

0.05 

6.07 

0.0029 

0.10 

6.96 

0.0049 

0.16 

7,27 

0.0036 

0.12 

7.70 

0,0049 

0.16 

8.24 

0.0045 

0.15 

8.50 

0.0056 

0.19 

8.61 

0 0054 

0 18 

8.95 

0.0091 

0 30 

9.56 

0.0134 

0.4 5 

9.80 

0.0147 

0.49 

10.05 

0.0158 

0.53 


Bowes and Ploass, 6 at about the same time as Highberger and Retzsch, 
investigated the protein-formaldehyde reaction with both normal and 
deaminized collagen and hair. In the main, they followed the same pro¬ 
cedure as used by Highberger and Retzsch. The data of these workers show 
little formaldehyde fixation for either collagen or hair at pH values less than 
10.0. They conclude that it is the amino groups of lysine and arginine which 
are responsible for the binding of the aldehyde. They further conclude that 
in the case of the keratin proteins, other groups than lysine are affected by 
the nitrous acid deaminization and that there is some evidence of cystine 
sulfur being oxidized to sulfate. 

Deaminization with nitrous acid must certainly destroy a few of the 
elcctrovalent salt linkages existing between adjacent polypeptide chains. 
Such changes would then evidence themselves in the break-down of internal 
cohesional forces. The breakdown of salt linkages, - NHa* “OCX'—, should 
be especially marked in the so-called pH stability zone or around the isoionic 
point. A study of Figures 118 and 118A indicates that such a suggestion is borne 
out by the facts. Curve A represents the shrinkage temperature of deamin- 
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ized collagen over the pH range 1.0 to 12.0 and shows definitely that in the 
region of real break-down of the salt linkages, pH 0.0 to 8.0, there is a sharp 
decrease in the internal cohesive forces of the collagen. A comparison of this 


2 GRAMS COLLAGEN POWDER 
TANNED 24 HOURS 
IN 100 MLS. 0.1 M. PHOSPHATE 
CONTAINING 

I PER CENT FORMALDEHYDE 


O COLLAGEN 


# DEAMINISED COLLAGEN 


pH OF FINAL SOLUTION 

Figure 117 


curve with that shown in Figure 115 for normal collagen shows t hat in the acid 
zone pH 3.0 to 5.0, the shrinkage temperature of the deaminized collagen is just 
a little greater than that for normal collagen; this is undoubtedly accounted 
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for by the decreased swelling of the deaminized collagen. In the alkaline 
range, pH 6.0 to 12.0, the shrinkage temperature shows a positive decrease in 
the pH range which would normally be attributed to histidine and lysine. Curve 
B of Figure 118 shows the shrinkage temperature of formaldehyde-treated 
deaminized collagen. The data indicate that in spite of formaldehyde fixa¬ 



tion, no strengthening of the cohesive forces occurs in the pH range 3.0 to 5.0. 
At. pH values 5.0 to 8.0 an actual decrease in shrinkage temperature occurs. 
At pH values greater than 8.0 some slight increase in shrinkage temperature 
results, but hardly greater than that actually obtained for normal collagen; 
and in this pH zone Highberger shows from 0.2 to 0.5 millimol fixed formalde¬ 
hyde. 
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Theis has indicated several times that swelling and shrinkage temperature 
must of necessity he correlated. This is very well evidenced by a study of 
curves (J and D, representing the swelling of deaminized collagen both with 
and without formaldehyde treatment. These particular curves show posi¬ 
tively that the great swelling taking place in the alkaline region is responsible 
for the weakening in internal structure of deaminized collagen. Data taken 



by Theis and Lams relative to formaldehyde 1 fixation show only a slight 
decrease in the pH zone 3.0 to 9.0. These data are in lino with their sugges¬ 
tions that lysine plays only a small part in the pll region more acid than the 
isoionic point, and that formaldehyde fixation in this region is largely confined 
to a reaction with the least basic imino groups of the polypeptide chains. 
Theis and Lams believe that the slight decrease in formaldehyde; binding in 
the acid range is probably due to two causes: (1) possible change in the 
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imino groups as suggested by Stiasny; and (2) the greater compactness of the 
fiber structure of the deaminized collagen. This contention is strengthened 
by a careful study of the data given by Highberger. 

Effect of Temperature on Formaldehyde Fixation 

Theis made a study of the effect of temperature on formaldehyde fixation 
by collagen and found that this factor plays a rather important role at tem¬ 
peratures above 20°, but that below 20° the temperature factor appeared 



rather unimportant. Figure 119 pictures the formaldehyde fixation by 
collagen at 0°, 20°, and 60°. It can readily be seen that increased tempera¬ 
ture reaction causes a greater amount of formaldehyde to be bound and, 
further, causes the plateau zone to be shifted to the left. It also appears that 
increased temperature acts similarly to increased formaldehyde concentration. 

The Formaldehyde-Fixation of Keratin 

The keratin proteins contain lysine, histidine, and arginine, just as in the 
case of collagen, but in addition, they contain tyrosine and cystine, liatner 
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and Clark 22 have shown that in cystine compounds formaldehyde fixation 
takes place at the sulfhydryl group more readily than at the amino group. 
They pictured this reaction with cysteine as follows: 

CIlj -SII CH*—S—CH*OH 

CI1NH* + CH,0 —CHNH* 
d)OOH COOH 

Ra trier and Clark further claim that cystine in hair or wool is reduced to 
cysteine and that the sulfhydryl groups thus formed will then probably com¬ 
bine with formaldehyde. Without any experimental evidence, a further 
postulation may be made; namely, it may very well be that formaldehyde 
reacts to form a bridge between two cystine groups in juxtaposition: 


«/ 

V- 

-CHr-S—CHr-S—CHr-CH^ 

/ 

\ 

IIN 

NH 

\ 

/ 


Hegman 12 in 1942 made a study of the formaldehyde fixation of down and 
feather keratin. His results are shown in Figures 120 and 121. In sum¬ 
marizing his work, Hegman claims that the apparent aldehyde fixation by 
keratin at pH 1.0 to 0.0 is due to bisulfite-binding substances formed during 
the analysis; that at pH 0.0 to 8.0 the reaction is confined to the lysine present; 
that with low concentrations of formaldehyde the reaction above pH 8.0 is 
confined to the arginine present; and that under conditions of high pH value, 
the disulfide bond is broken to yield sulfhydryl groups, which in turn may 
bind formaldehyde. 

Theis and Lams in 1942 made a comprehensive investigation of the form¬ 
aldehyde-binding capacity of wool. For this study they used the unique 
method of pressing the wool-formaldehyde compound several times at 
8-10,000 pounds per square inch pressure. This pressure, it was assumed, 
removed all free water, electrolyte and formaldehyde. Theis and Jacoby 
made use of this method in determining the acid- and base-binding capacities 
of fibrous proteins; these methods are fully described in Chapter 4. These 
investigators used a formaldehyde concentration of one per cent and a reaction 
time of 72 hours. Analysis of the keratin-formaldehyde compound for acid-, 
base-, and formaldehyde bound showed that there was no change in the 
isoionic point of the collagen; that the acid- and base-binding capacity of the 
formaldehyde-treated keratin was the same as for normal keratin in the pH 
range 1.0 to 9.5; that the base-binding capacity of the keratin-formaldehyde 
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Figure 120 
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substance was greater than that of normal keratin in the pH range? 9.5 to 
32.0; that in the pH range 2.0 to 6.0 some 0.3 milliequivalent of formaldehyde 
is fixed; that there is a definite plateau in the aldehyde-fixation curve in the? 
pH range 8.0 to 9.5, corresponding essentially to the same type of plateau in 
the base-binding curve and usually interpreted as the back-titration of 
histidine; and that a striking increase in aldehyde bound occurs in the pH 
zone 9.5 to 12.5, usually attributed to the back-titration of lysine. 



A careful study of the keratin-formaldehyde data of Theis and Lams 
brings out the striking similarity of the aldehyde-fixation and base-fixation 
curves. Wherever the one has a point of inflection, this same inflection 
obtains in the other. These workers interpret their formaldehyde-fixation 
curve as; an imino reaction in the pH range 1.0 to 6.0 (isoionic point), a 
reaction with histidine in the pH range 0.5 to 9.5, and a lysine-formaldehyde 
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reaction in the pH range greater than 9.5. This interpretation is in line with 
similar interpretations of their base-binding curves of other fibrous proteins, 
These investigators point out that in the pH range greater than 9,5, it is 
entirely possible that a second reaction occurs—namely, a reaction of form¬ 
aldehyde with sulfhydryl groups, since the pK value of cysteine is 9.02. 
Theis and Lams state that since wool and hair keratins are very compact 
fibrous proteins and do not swell appreciably in the acid zone, this physical 
factor may account for the approximately constant aldehyde-fixation value 
in the acid zone. The data secured by Theis and Lams are pictured in Figure 
122 and Table 154. 


Table 154. The Add, Base and Formaldehyde Fixation of Wool Keratin. 


,- Acid 

(A) 

or JiuHe I' ixcd -v 


-Acid. Base and C’JJaO Fixed 


No CHfsO Present 


(B) 

~ (C) " 

pH 

Acid* or Base 

pH 

Acid* or Base 

OHaO* 

0.8 

0.83 

0.7 

0.82 

0.22 

1.4 

.82 

2.1 

.82 

.24 

2.0 

.67 

2.1 

.63 

.28 

3,1 

.42 

3.3 

.38 

.30 

4.2 

.20 

3.8 

.24 

.29 

4.8 

.08 

4.5 

.17 

.31 

5.2 

.04 

5.1 

.06 

.31 

5.6 

4- .02 

5.4 

.03 

.32 

5.8 

+ .01 

5.5 

+ .02 

.32 

6.1 

-.01 

5.9 

.00 

,32 

6.3 

- .04 

6.3 

-.04 

.32 

6.7 

- .06 

6.6 

-.06 

32 

7.1 

-.10 

6.9 

- .10 

.34 

7.4 

-.11 

7.5 

-.10 

.35 

7.7 

-.11 

7.7 

-.10 

.38 

8.8 

-.12 

8.3 

-.11 

.41 

9.5 

-.12 

8.8 

.12 

.40 

9.9 

-.13 

9.5 

-.12 

.39 

10.7 

.15 

10.5 

- .17 

.45 

11.2 

-.25 

11.0 

-.28 

.52 

11,6 

-.32 

12.0 

- 37 

.76 

11.8 

-.36 

12.4 

-.38 

.80 

12.4 - .47 

Millimol per gram protein. 





The Formaldehyde-Fixation of Silk Fibroin 

Earlier in this chapter the authors discussed the formaldehyde-fixation 
capacity of wool keratin and pointed out that the trend of the fixation curve 
was similar to that obtained for collagen. There are certain discrepancies 
in the case of silk fibroin, due to the fact that the basic and acidic amino acids 
probably have not been determined accurately. The maximum acid-binding 
capacity shown by titration curves is 0.17 milliequivalent per gram, while 
calculated values, based upon available data for arginine, lysine, and histidine, 
show only 0.078 milliequivalent per gram. Such values indicate that the 
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data relative to these basic amino acids are undoubtedly low. There are 
available no definite data relating to the acidic amino acids. 

Theis and Lams investigated both the acid-, alkali- and formaldehyde- 
binding capacity of silk fibroin. For this work, they used a specially prepared 
fibroin. The fibroin was studied both with and without formaldehyde over 
a wide pH range. A one per cent formaldehyde solution at 20° for 72 hours 
was used. After equilibrium had been obtained, the treated fibroin was 
pressed at 10,0()() pounds per square inch until dry, and was then analyzed. 
It was assumed that the pressing removed all free electrolyte and free formalde¬ 
hyde. The data taken arc shown in Table 155 and Figure 123. These data 


Table 155 The Acid, Base and Formaldehyde Fixation of Silk Fibroin. 



(A) 





And 

or Ram’ 

P i xod — - 


-And, B.tm and OH A) Fixrti 

l— 

No 

OH20 ProHonl 


(H> 

(Oi 

I>H 

Acid* or Rum* 

pH 

And + or Rant 

OllaO* 

1.0 


0.17 

0 9 

0.17 

0 04 

1.9 


.16 

2.0 

16 

.04 

3.1 


.13 

2.7 

.15 

.04 

4.1 


.11 

3 3 

.13 

.06 

4 .6 


08 

3.8 

11 

.06 

5.0 


.05 

4 4 

08 

.07 

5.6 


02 

4.8 

.07 

.08 

6 0 


.00 

5.3 

.05 

.09 

6.5 


- 02 

5.9 

.02 

09 

6.7 


- 04 

6.1 

00 

.08 

7.4 


- 07 

6.3 

-.04 

.09 

7 6 


- .08 

6.7 

- .08 

JO 

8.3 


-.09 

70 

~ .09 

JO 

8.8 


.09 

7.5 

- 11 

.09 

9 0 


-.09 

8 2 

- .13 

JO 

9.5 


-.10 

9.1 

-.13 

J1 

10.2 


-.14 

9 9 

.1 1 

.13 

111 


-.22 

10.3 

-.18 

.13 

11.3 


- .30 

106 

20 

.14 

11.6 


- .35 

n.3 

.31 

.15 

12.4 


- .37 

11.4 

- .31 

J6 

12.5 


-.37 

11.9 

34 

J6 




12.0 

-.34 

.16 




12.3 

- .34 

.16 


* Mi Hi mol per gram protein. 

show that formaldehyde fixation increases gradually in the pH range 2.0 to 
5.3, attaining a value of 0.09 milliequivalent of formaldehyde fixed per gram 
at pH 5.3. From pH 5.3 to 8.2 a plateau exists, and at pH values greater 
than 8.2 a gradual increase in formaldehyde fixation occurs. At pH 12.0 
there is an indication of a maximum value of 0.16 milliequivalent fixed per 
gram. Theis and Lams believe that in the range pH 8.5 to 12.0, the curve 
represents the reaction with the e-amino group of lysine. 

Since silk fibroin is a very compact protein and shows but little swelling 
at any pH value, less formaldehyde will bind at the imino groups of the poly¬ 
peptide chain. However, Theis and Lams have pointed out that 0.1 millie- 
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quivalent of formaldehyde is bound as N^-CHa—N bridges in the pll range 
5.0 to 12.0, and at pH values Jess than 5.0 smaller amounts are fixed in this 
manner. This type of fixation has been fully discussed under collagen. 

Reversibility of the Protein-Formaldehyde Reaction 

Salcedo and Highberger 26 in 1941 pointed out the reversibility of the 
protein-formaldehyde reaction. They showed that formaldehyde-treated 
collagen lost formaldehyde when treated with more acid buffers. Theis and 



Lams 30 in 1913 studied the reversibility of this reaction. They found that the 
collagen-formaldehyde compound formed at pH 11.0 rapidly changed when 
placed in contact with a water solution at pH 8.0 or pH 2.0. These results 
are shown in Table 156. 

Table 156. The Reversibility of the Collagen-Formaldehyde Reaction. 


CH«0* H 1 or OH"* 

Treatment F need Bound 

(1) Treated at pH 11.0 with 1 % CII 2 0 0.85 -0.33 

(2) Same as (1) but then placed in H 2 0 at pH 8.0 0.47 - 0.11 

(3) Same as (1) but then placed in ILO at pH 2.0 0.29 +0.94 

(4) Same as (1) but then heated at 105° for 24 hours 0.70 -0.34 


* Millimol OHjO, H + , or OH"* fixed per gram protein. 
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The positive reversibility of the collagen-formaldehyde reaction led the 
present authors to the conclusion that the formaldehyde-fixation values given 
by Theis and Lams, which were obtained by the pressing method, are more 
nearly in line with experimental facts than those given by llighberger et aL 
Theis and his students have repeatedly pointed out that the washing technique 
used by llighberger and others must of necessity give results not representing 
true facts. And on the other hand, removal of all uncombined formaldehyde 
by means of mere mechanical pressure insures that the fixed formaldehyde 
remains undisturbed. 

The Effect of Denaturization 

In Chapter 4 it was shown that the heat-denaturization of collagen 
definitely affects its ability to combine with acids and alkalies in the pH 
stability zone, and that the isoionic point of the denatured collagen shifts to a 
more alkaline point. Theis and Lams* 0 investigated the formaldehyde-bind - 


Table 157* 


pH 

CHjO 

miUimols/Kram 

11 ' or Oll- 
millimolM/gram 

1.2 

0.28 

1.17 

1.9 

.28 

1.10 

2.9 

.33 . 

0.96 

4.0 

.48 

0.52 

4.4 

.50 

0.44 

4.8 

.48 

0.38 

5.2 

.49 

0.28 

5.8 

.48 

0.26 

6.8 

.49 

0.10 

8.5 

.63 

0.00 

9.3 

.78 

- 0.025 

10.5 

1.08 

-0.045 

13.0 

1.15 

-0.11 

11.9 

1.38 

-0.29 


* Collagen pretreated for 1 minute in water at 60° C. before placing in foimaldehyde 
solutions. 

ing capacity of heat-denatured collagen over the pH range LO to 12.0. The 
data obtained are shown in Table 157 and Figure 124. Whereas the formal¬ 
dehyde-fixation curve for normal collagen shows a plateau in the pH range 
7.0 to 9.5, the curve for the denatured protein shows a similar plateau in the 
range pH 4.0 to pH 7.5. Such a shift of this zone to the more acid region 
would seem to indicate a certain shifting of the reactive groups during the 
collapse of the chains upon themselves during denaturization. The whole 
trend of the curve appears to indicate that the acid-binding groups become 
stronger near the isoionic point. It also appears that in all probability the 
pH values of lysine and arginine are shifted to a more acid region, as evidenced 
by the plateau zone, by the trend of the curve in the pH range 7.5 to 11.0, and 
by the point of inflection at pH 11.0. From pH 2.0 to 4.0, there is a sharp 
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increase in formaldehyde fixation, as is also the case from pH 7.5 to pH 11.0. 
With the exception of the pH range 6,9 to 7.5 the formaldehyde binding is 
greater at all pH values. As obtained from the acid- and base-binding curve, 
the denatured collagen shows an isoionic point of 8.5, indicating a positive 
shift to the more alkaline state. 



Formaldehyde Fixation Rate 

Theis and Muraco 30 made a study of the fixation rate of formaldehyde 
with skin collagen. For this vrork properly prepared goat skin was placed 
in a one per cent formaldehyde solution adjusted to pH 8.0 for the time 
periods noted in Figures 125 and 126. At prescribed periods, pieces were 
removed for determination of shrinkage temperature and fixed formaldehyde. 
Formaldehyde was determined on the pressed sample. 
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Figure 125 shows that the shrinkage temperature of the formaldehyde- 
treated skin increases sharply, attaining practically its maximum value 
within some 10 hours and 94 per cent of the maximum value within 4 hours. 
This figure compares the rate of formaldehyde tannage with that of vegetable 
tannage. 

Figure 126 shows the rate at which formaldehyde binds with collagen. 
The rate of fixation is very striking during the first 30 minutes. In one hour, 
as much aldehyde is fixed as at 6 hours. After some 24 hours in contact with 
the formaldehyde solution, an increase in fixation occurs, this increase con¬ 
tinuing for about 80 hours, after which there is only a slow increase. 

Effect of Heat on Dry Formaldehyde-tanned Leather 

Salcedo and Highbergcr 26 studied the effect of drying moist formaldehyde- 
treated collagen. Their collagen samples were treated with various per¬ 
centages of formaldehyde at several different pH values. Instead of washing 


Table 158. 2.000 Grams Collagen Powder "Fanned 24 Hours in 100 ml. 04 M 

Phosphate Puffer. 


Grains Forma IdehVdc 
pei 100 ml 

Final pH 

Diyinff Period 
(Hour«) 

Milliiriol Formaldehyde 
Fixod per Gram Collagen 

1 

6.46 

24 

0.43 

1 

6.46 

48 

0.41 

1 

6 46 

72 

0.40 

1 

6.46 

96 

0 40 

1 

6.46 

320 

0.40 

2 

6.42 

24 

0.46 

2 

6.42 

48 

0 39 

2 

11.33 

24 

0.82 

2 

11.33 

48 

0.80 

4 

6.02 

24 

0.48 

4 

6.02 

48 

0.44 

4 

10.55 

24 

0.85 

4 

10.55 

48 

0.80 

4 

11.74 

24 

0.81 

4 

11.74 

48 

0.79 

4 

J 1.74 

72 

0.78 

4 

11.74 

96 

0.78 

4 

11.74 

120 

0.78 

8 

5.92 

40 

0.54 

8 

5.92 

90 

0.52 

8 

1147 

40 

0.84 

8 

1147 

90 

0.81 

16 

640 

40 

0.57 

16 

6.10 

90 

0.55 

16 

10.78 

40 

0.87 

16 

10.78 

90 

0.85 


the treated material at, the end of the tanning period, the formaldehyde- 
collagen compound was dried in var/uo at 100°. Their data are shown in Table 
158 and Figure 120A. 

These investigators state that the total formaldehyde bound ranges from 
0.76 to 0.89 millimol, and that there is evidence of a collagen-formaldehyde 
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reaction corresponding to a ratio of one molecule for every free amino group. 
They claim a heat stability factor for the resulting compound. They note the 
formation of a more stable compound with longer drying periods. 

Theis 30 tanned collagen strips in an aqueous formaldehyde solution made 
5.0 per cent with respect to formaldehyde and 0.1 A with respect to potassium 



chloride. A pH range of 1.0 to 12.5 was studied. The tanning period was 
72 hours at 20°, with constant agitation. After tanning, the treated collagen 
strips were removed, pressed twice at 10,000 pounds per square inch, and 
allowed to air-dry. After air-drying, one-half of each sample was dried at 
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105° for 48 hours. Both samples were then analyzed for formaldehyde and 
hide substance. The data secured are shown graphically in Figure 127. 

There is little doubt that prolonged heating removes formaldehyde from 
the formaldehyde-collagen compound. Collagen originally treated with a 
5.0 per cent solution of formaldehyde loses formaldehyde upon heating in the 
pH range 2.5 to 12.0. The greatest amounts of formaldehyde are lost from 
the collagen-formaldehyde compound in the alkaline zone. It may be stated 
that the curve representing a 5.0 per cent formaldehyde tannage, upon 
heating, attempts to correspond to that representing a 1.0 per cent formalde¬ 
hyde tannage. This is especially true at pll 12.0, at which point the two 
curves approximately meet. The curve representing the heated collagen- 
formaldehyde eompond has a plateau zone in the pH range 4.6 to 6.3 in 
contradistinction to the 1.0 per cent formaldehyde curve, which has the 
plateau zone in the pH range 6.9 to 9.3. The former curve shows character¬ 
istics of a denatured protein. 

There is little doubt that heating of the collagen-formaldehyde compound 
tends to convert it to a more stable' compound. However, Theis believes it, 
is the formaldehyde attached or bound to the free amino groups that is 
removed and not that which has bound itself in bridge-like linkage. The 
heat-treated collagen-formaldehyde compound at pH 8.0 has the same 
shrinkage temperature as that which was not subjected to dry heat. 

During the heating, it is quite possible that the formaldehyde bound to 
the e-amino group of lysine is removed. This might be pictured: 

OR,OH CVHjOH 

/ beat / 

—N -> —N + (211*0 

\ \ 

C11.011 H 

Such a reaction would necessarily assume the formation of methylol groups 
during the tanning process. 

X-ray Pattern of Formaldehyde-tanned Collagen 

Katz and Gerngross 16 included forrnaldehyde-tanned leather in their early 
work dealing with x-ray studies of various tannages. At that time, however, 
the technique of making x-ray diffraction patterns from such substances as 
collagen was not sufficiently developed to permit the observation of inter¬ 
ferences lying close to the central spot. Highberger and Kersten point out 
that Katz and Gemgrass overlooked the pronounced loss of definition in the 
side chain definition which Lloyd observed for other types of leather. Katz 
and Gemgross observed a strengthening of the 2.8A interference for formalde¬ 
hyde-tanned leather and an unaltered collagen diagram for formaldehyde- 
tanned tendon collagen. 



ALDEHYDE TANNING 


379 


Clark and Shenk 6 in 1937 studied the x-ray diagrams given by proteins 
treated with formaldehyde. They found that the pattern for the gelatin- 
formalin compound contained several new interferences, two of which were 
strong rings representing spacings of 3.9 and 2.6 A. They suggested that the 
appearance of these new interferences in the patterns of the gelatin-formalin 



Plate 11 

1. Original Collagen. 

II. Collagen Tanned 48 Hours in 1 per cent Formaldehyde at pH 8.14. 


compounds represented a chemical combination of the formaldehyde with the 
amide nitrogens of the protein chain. Highberger and Kersten questioned 
this hypothesis and suggested that these new interferences in the x-ray 
pattern might be caused by crystals of polymeric formaldehyde formed within 
the tendon under conditions of the experiment. 
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Highberger and Kersten 16 treated collagen powder with various concen¬ 
trations of formaldehyde in 0.1 molar phosphate buffer for different periods 
of time and at pH values between 7.0 and 9.0 After treatment, the tanned 
collagen powder was well washed and dried in vacuo over P 2 O 6 at room tem¬ 
perature. This material was used for x-ray examination. Plate ] 1 shows a 
typical example, in which the sector method is used and the pure collagen 
pattern is compared with that for the same collagen treated for 48 hours in a 
one per cent formaldehyde solution at pH 8.14. The two patterns appear to 
be definitely identical. Highberger and Kersten state that in no case have 
any of the formaldehyde-tanned collagens given an x-ray diffraction pattern 
in any way different from those of the original untreated collagen. They 
believe that the relatively simple nature of the formaldehyde molecule, when 
compared to the more complex structures known to exist in vegetable and 
basic chromium sulfate liquors, might account for the lack of alteration of the 
x-ray pattern. 

Shrinkage Temperature of Formaldehyde-treated Collagen 

In Chapter 5 the significance of shrinkage temperature measurements was 
discussed in detail. In this discussion it was pointed out that swelling and 
dehydration played an important role in evaluating this factor. 

Theis and Muraco 30 investigated the relation of swelling to shrinkage 
temperature of formaldehyde-treated collagen and their results are shown in 
Figure 118A. This figure shows the swelling and shrinkage temperature of 
both native and aldehyde-treated collagen. It is interesting to note that 
formaldehyde retards swelling in the pi I range 4 to 12, and especially at pH 
values greater than 8. It is in the pH range 4 to 10 that the shrinkage tem¬ 
peratures of the collagen-formaldehyde compound are definitely increased. 
This figure substantiates data given in a previous chapter; namely, that 
wherever swelling occurs the cohesive forces of the collagen are weakened, and 
thus the protein shows a lower shrinkage temperature. 

Theis and Esterly 30 studied the effect on formaldehyde tannage of such 
salts as potavssium and calcium chlorides. These investigators studied com¬ 
prehensively the effect of these salts in a one per cent formaldehyde solution 
over the pH range 1 to 12. Their data as regards the shrinkage temperature 
of the collagen-formaldehyde compound are shown in Figures 128 and 129. 
Figure 128 shows the effect of calcium chloride concentration upon the shrink¬ 
age temperature of native collagen and indicates rather definitely that this 
particular salt drastically affects the structural cohesive forces of the protein. 
This fact has been pointed out in Chapter 5. Figure 129 shows the effect of 
salt pretreatment of collagen on the shrinkage temperature of formaldehyde- 
tanned collagen. This figure gives two sets of data: (A) the one showing a 
comparison of the effects of 0.1 N potassium chloride and of calcium chloride. 
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Part A of thin figure shows that in the pH range 5 to 8 the shrinkage tempera¬ 
ture is just about the same for water and the two salts; however, at pH values 
9 to 11 potassium chloride gives a slightly higher shrinkage temperature than 
does water, but calcium chloride gives a decided increase in this factor. It 



0 2 4 e 8 10 12 

pH 

Figure 128. Effect of Calcium chloride treatment at various pH values upon 
shrinkage temperature of collagen. 

may be said that the curves representing data taken for water or potassium 
chloride solutions are practically the same, but that the curve for dilute 
calcium chloride shows increased structural stability in the alkaline zone. 
This is in line with previous statements that in the alkaline region calcium 
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129. Effect of salt pretreatment of collagen ilpon shrinkage tomperatur 
of formaldehyde-tanned collagen. 
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chloride causes decidedly more dehydration than sodium chloride, giving a 
pickling effect, and therefore this increase should manifest itself in increased 
structural stability after formaldehyde fixation. 

Part B of Figure 129 shows the effect of the more concentrated solutions 
of calcium chloride upon the subsequent shrinkage temperatures of the 
formaldehyde-treated skin. The curves show definitely that the structural 
breakdown caused by the concentrated calcium chloride solutions manifests 



itself and persists even after formaldehyde treatment; in other words the real 
break-down of the carbonyl-imino linkages cannot be reversed. This is very 
evident in calcium chloride solutions having a strength greater than 0.2N. In 
the isoelectric zone pH 4 to 8 the decreased shrinkage temperature of the 
formaldehyde-treated skin as calcium chloride increases is very marked. 

Undoubtedly pretreatment with calcium chloride causes a definite weak¬ 
ening of the collagen structure, and this weakening maintains itself even during 
the formaldehyde treatment. The structural break-down however, does not 
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interfere with formaldehyde fixation, as is evident from Figure 130, which 
shows in no indefinite maimer that calcium chloride not only shifts the isoionic 
point but definitely increases the formaldehyde fixation over the entire pH 
scale. Potassium chloride does not affect the isoionic point but does increase 



the formaldehyde fixation. In this case, however, the collagen-formaldehyde 
compound is structurally stable and resembles that compound formed without 
the added salt. Figure 130 definitely proves that the amount of formalde¬ 
hyde fixed has little bearing upon the degree of “leathering” as measured by 
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the shrinkage temperature and, further, that it is the manner in which the 
formaldehyde binds that determines the structural strength of the collagen- 
formaldehyde compound. 

Formaldehyde Retannage 

Theis and Blum 30 found that treating vegetable-tanned leather with 
formaldehyde gave a much increased thermolability as measured by the 
slirinkage temperature. They postulated that the reaction might be an 
additive one, or that the formaldehyde possibly condensed with the tannin 
molecule, giving rise to a different molecule. 

In a further investigation, Theis and Friedman 30 studied the formaldehyde 
fixation of thoroughly washed vegetable-tanned collagen over a wide pH 
range. They found in the pH range 1.0 to 8,0 that the formaldehyde fixation 
was less than half that of native collagen. However, in the pH range greater 
than 10.0, the formaldehyde fixation approached that normally obtaining 
for native collagen. These data are shown in Figure 131. This figure shows: 

(a) the shrinkage temperature of untreated, washed, vegetable-tanned leather; 

(b) the shrinkage temperature of formaldehyde-treated vegetable-tanned 
leather; and (e) the formaldehyde fixation of the washed and treated vegetable- 
tanned leather. 

These data would appeal* to indicate and to substantiate further the sug¬ 
gestions of Theis that formaldehyde, in the pH range less than that of the 
isoionic point, combines with the weakly basic imind groups of die poly¬ 
peptide chains in a bridge-like manner: N—CH 2 ~N. In this particular 
range undoubtedly the charged amino groups ~ Ni{ 3 + have been mostly 
satisfied by the acidic tannin molecules —ISIII 3 4 T~ . A priori , such a sug¬ 
gestion would indicate that vegetable tannin molecules also bind with the 
imino groups in such a manner that the tannin molecule is in coordinate 
linkage with imino groups in juxtaposition. This suggestion is substantiated 
by the fact that only very small amounts of formaldehyde are fixed in the pH 
range 2.0 to 0.0, which would not be the case if the complex tannin molecule 
were not bound with certain of the weakly basic imino groups of the 
polypeptide chain. In the more alkaline range, the formaldehyde bound 
approaches that normally bound by native collagen. This is what might be 
expected, since in this region little tannin is bound other than that held by the 
imino groups and the formaldehyde then binds with the —NH 2 groups of 
lysine, giving rise to the same condition that exists for native collagen. 

Formaldehyde retannage of chrome- and alum-tanned leather results in a 
finished leather of increased structural stability. In the case of chrome- 
tanned leather, this increase in shrinkage temperature is not as striking as 
that noted for formaldehyde-retanned, vegetable-taimod collagen. 
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Theories of Formaldehyde Tannage 

The great majority of the investigators studying the protein-formaldehyde 
reaction have not in the main been interested in other than theoretical form¬ 
aldehyde fixation. Stiasny 28 was probably the first- worker in this field to 
postulate the reaction taking place as applied to formaldehyde tanning. He 
suggested that two reactions are involv ed, the one a rapid binding with amino 
groups and the other a slow fixation with the peptide groups. Dyachenko 
and Shelpakova 8 suggested the formation of methylene bridges between 
amino groups in juxtaposition in practically neutral solutions. Kimtzel 10n 
postulated the formation of bridges between imino groups of the polypeptide 
chains. Holland 150 states that the reaction is not that postulated by Kuntzel, 
but may possibly be a reaction with acid amide groups. Theis and Schaffer 30 
early suggested that the reaction which effects the structural stability is a 
very rapid one. This work was substantiated by Casaburi and Oantarella. 5 * 
Theis et al. suggested that the reaction postulated by Kuntzel probably fits 
the experimental facts more closely than any other theories advanced to date. 
Bowes and Pleass 6 advance the same suggestions as Highberger et al. 14 with 
regard to the function of the imino groups of the polypeptide chain, claiming 
little fixation of formaldehyde with these groups. 

Theis et al. from 1930 on have advocated the idea that it is the formation 
of bridges between adjacent polypeptide chains which is responsible for the 
drastic increase in thermolability as measured by shrinkage temperature. 
Their work in 1942-43 has further borne out this contention. Their latest 
work 30 shows rather definitely that the reaction, accounting for the increase 
in structural stability, is a very rapid one arul is practically independent, of the 
pH at pH values greater than 4.0. This reaction is the one responsible for the 
tannage obtained. At pH values greater than 9.0, a second reaction occurs, 
namely, a binding of formaldehyde with the e-amino group of lysine. This 
fixation, however, has little to do with the structural stability. Using more 
concentrated formaldehyde solutions, it was found that increased formalde¬ 
hyde concentration did not affect the structural stability at pH values greater 
than 8.0. 

Theis et al. explain their findings as a binding of formaldehyde with some 
of the imino groups of the peptide chain in a bridge-like linkage over the pH 
range 3,0 to 11.0 and more or less independent of the pH in this range. This 
type of formaldehyde-fixation is rapid and is responsible for the increased 
shrinkage temperature of formaldehyde-treated collagen. At pH values 
greater than that obtaining at the isoionic point, a second reaction occurs: 
namely, a binding of formaldehyde with the more basic groups of lysine. The 
suggestions of Theis et al. are in accord with those expressed by Kuntzel; but 
in this case, experimental data had been given in support of the theory 
advanced. Theis et al. y while suggesting the bridging of polypeptide chains 
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by formaldehyde reaction, point out that the future may give us additional 
data pointing to a different structural arrangement, but maintain that at this 
time it is the most logical explanation of the facts brought out by scientific 
investigations. 
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Chapter 13 
Quinone Tanning 


In 1908-09, Meunier and Seyewetz first pointed out that p-benzoquinone 
had rather remarkable tanning properties. The leather resulting from the 
fixation of the p-benzoquinone by animal skin has a high shrinkage temperature 
and water resistance. But the difficulty of manipulation, low weight gain 
and production expense has retarded the commercial exploitation of quinone 
leather and even its scientific investigation. 

Many investigators have studied in a comprehensive manner the reaction 
between the various aldehydes and collagen, and these studies have been of 
immense value in postulating certain theories of tanning. Like formaldehyde, 
p-benzoquinone has a relatively low molecular weight and, further, as it is 
initially used, it has a rather well defined structure. It therefore should be an 
excellent reagent for study in its reaction with collagen. 

In 1924-26, Thomas and Kelly 7 and Thomas and Foster 8 studied the 
reaction between collagen and p-benzoquinonc. Since the investigations of 
Thomas and Kelly have been extensively discussed in Volume If of the second 
edition of this monograph, only certain “highlights” of their work will be 
dealt with here. These investigators found a characteristic and striking 
minimum fixation by hide powder at pH 9.0. At the time of their investiga¬ 
tions no accurate method for measuring pH values of quinone solutions was 
available and therefore their results, interpreted in the light of modern 
methods of determining pH value, require some modification. The data of 
Thomas and Kelly in 1924 are shown in Table 159. 


Tabic 159. Fixation of Quinone in 24 Hours, 2 Weeks, and fti Weeks. 
Increase in Weight of 2 Drains Dry Hide Powder. 


No. 

pH 

21 Hour* 

2 Weeks 

Weeks 

1 

5.0 

0 056 

0.908 

1.089 

2 

6.0 

0.170 

0.868 

1.028 

3 

7.0 

0 540 

0.915 

0.980 

4 

8.0 

0.587 

0.947 

0.964 

5 

8.5 


0 919 

0.8(H) 

6 

9.0 

0.607 

0 811 

0.851 

7 

9.5 

0.596 

0.897 

0.978 

8 

10.0 

0.658 

0.938 

0.966 

9 

11.0 

0,636 

0.893 

0.937 

10 

12.0 

0.416 

0.587 

0.617 

11 

13.0 

Jxjss of .303 

Discarded 

Discarded 
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Sleeker and Highberger 4 have pointed out that certain changes in the pH 
values of these experiments may have occurred due to (a) solution of the 
quirione in t he particular buffer and (/>) adsorption of the buffer components 
by the hide powder. Such changes in the pH values might give a somewhat 


Table 160. 

Weight Increase of Collagen Powder 

in Phosi 

phate-Buffered Gumone Solution 


(2.000 gms 1 

Collagen in 200 ml Solution) I 

^urified Collagen 


lmtml 

Final 

Weight 

Initial 

Final 

Weight 

pH 

pH 

Increase 

pH 

pH 

Increase 


(6 hours) 



(24 hours) 


5.0 

5.0 

0 020 

5.0 

5.0 

0.042 

6.0 

5.9 

0.055 

6.0 

5.9 

0.100 

7.0 

6.8 

0 280 

6.5 

6.4 

0.500 

8.0 

7.3 

0.440 

7.0 

6.8 

0.658 

9 0 

7.5 

0.425 

8.0 

7.3 

0.662 

10.0 

7.6 

0.450 

9.0 

7.5 

0.640 

10.5 

8.0 

0.445 

10.0 

7.6 

0 665 

10.8 

8.7 

0.320 

10.5 

80 

0.700 

11.0 

9.0 

0.242 

10.8 

8.7 

0.585 

11.6 

9.5 

0.100 

11.0 

8.9 

0.405 




11.0 

8.9 

0.405 




11.6 

9.5 

0.150 




12.0 

10.0 

0.050 


(48 hours) 



(1 week) 


5.0 

5.0 

0.100 

5.0 

4.6 

0.450 

6.0 

5.9 

0.210 

6.0 

5.9 

0.775 

7,0 

6.8 

0 838 

7.0 

6.7 

0.950 

8.0 

7.3 

0.840 

8.0 

7.3 

0.965 

9.0 

7.5 

0 805 

9.0 

7 5 

0.880 

10 0 

7 55 

0.807 

10.0 

7.6 

0.982 

10.5 

8.0 

0.870 

10.5 

8.0 

1.015 

10.8 

8.7 

0.750 

307 

8.5 

0.915 

11 0 

8.9 

0.520 

10 8 

8.7 

0.700 

11.6 

9.5 

0.150 

11.0 

8.9 

0.410 




11.6 

9.5 

0.150 




12.0 

10.0 

0.050 


(2 weeks) 



(5 weeks) 


5.0 

4.1 

0.998 

5.0 

4.0 

1.160 

6.0 

5 6 

0.910 

6 0 

5.55 

1.075 

7.0 

6.8 

1 002 

7.0 

6.7 

1.045 

8.0 

7.3 

0.968 

8 0 

7.2 

1.005 

9.0 

7.4 

0.885 

9.0 

7.4 

0.925 

10.0 

7.5 

0.880 

10 0 

7.5 

0.902 

J0.5 

8.0 

1.012 

10.5 

8 0 

1.015 

10.8 

8.7 

0.925 

10 8 

8.65 

0.945 

H.O 

8.9 

0.520 

li.O 

8.9 

0.520 

11.6 

9.5 

0.150 

11.6 

9.5 

0.150 


different shape to the curve, or at least a shift in its position when accurate 
pH measurements of the quinonc hide powder system were obtained. 

Stecker and Highberger 4 in 1942 made a study of the quinone-collagen 
reaction and repeated, in the main, the work of Thomas and Kelly; but in 
their investigation measurements of the pH value of the systems were obtained 



390 


CHEMISTRY OF LEATHER MANUFACTURE 


Table 161. Weight Increase of Hide Powder in Phosphate-Buffered Quinone Solution 
(2.000 gnus Hide Powder in 200 ml Solution) Regular Collagen 


Initial 

Final 

Weight 

Initial 

Final 

Weight 

pH 

I*H 

Incrcanc 

pH 

pH 

Increase 


(24 hours) 



(1 week) 


5.0 

50 

0.021 

5.0 

4.4 

0.460 

6.0 

6.0 

0.086 

6.0 

5.6 

0.730 

7.0 

6.7 

0.530 

7.0 

68 

0.972 

8.0 

7.0 

0.575 

8.0 

7.3 

0.935 

9.0 

7.5 

0.600 

9.0 

7.4 

0.910 

10.0 

7.0 

0.670 

10.0 

7.5 

0.870 

10.5 

82 

0.719 

10.5 

7.6 

0.960 

10.8 

8.8 

0.615 

10.8 

8.0 

0.952 

11.0 

9 1 

0.350 

11.0 

8.8 

0.400 

11.6 

9.5 

0.150 

11.6 

9.5 

0.150 

12.0 

10.0 

0.050 





(2 weeks) 



(5 weeks) 


5.0 

4.1 

0.980 

5.0 

4 0 

1 150 

6.0 

5.6 

0.830 

6.0 

5.5 

1.049 

7.0 

68 

0.989 

7.0 

6 7 

1.020 

8.0 

7.3 

0.990 

8.0 

7.2 

0 983 

9.0 

7.5 

0.870 

9.0 

7.5 

0 900 

10.0 

7.7 

0.973 

10 0 

7.7 

0.973 

10.5 

8.0 

0.995 

10.5 

8.0 

0.995 

10.8 

8.7 

0 945 

10.8 

87 

0.945 

11.0 

8 9 

0 600 

11 0 

8 9 

0 600 

11.6 

9.5 

0.J50 

11 6 

9 5 

0 150 


'Fable 162. 

Weight Increase of Collagen 

Powder m Borate-Bufferod Quinone 

Solution, 



(2.000 gms Collagi 

Bn in 200 ml Solution) 



Initial 

Final 

Wright, 

Initial 

Final 

Weight 

pH 

pH 

In cream* 

pH 

pll 

Increase 


(24 hours) 



(48 hours) 


5.8 

4.8 

0.056 

6 5 

5 0 

0 097 

7.5 

6.0 

0.085 

7.5 

6.0 

0.175 

8.0 

7.4 

0.355 

8.0 

6 5 

0.382 

8.5 

8.0 

0 552 

8.5 

7.0 

0 598 

8.75 

8.4 

0 515 

8 75 

8.4 

0.515 

9.0 

8.8 

0 440 

9 0 

8.8 

0.485 


(1 week) 



(2 weeks) 


5.8 

3.6 

0.335 

5.8 

3.1 

0.675 

6.5 

3.9 

0.390 

6 5 

3.2 

0.755 

7.5 

4.8 

0.725 

7.5 

4.0 

1 175 

7.75 

4.9 

0.750 

7.75 

4.8 

1.298 

8.0 

5.8 

0 998 

8 0 

5.6 

1.155 

8.5 

6.6 

0 800 

8.5 

5.8 

1.055 

9.0 

7.6 

0.650 

9.0 

6.4 

0.825 

10.7 

89 

0.442 

9.75 

7 5 

0.637 




10.7 

8.3 

0.495 


r 


10.9 

8.6 

0.458 




11.3 

8.9 

0.420 


with a glass electrode assembly. These investigators used saturated quinone 
solutions, prepared by dissolving 2.74 grams of quinone in 200 ml of phosphate 
or boric acid buffer solution. To these portions of solution were added 2 
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grams of collagen. Tannage was carried out at room temperature, usually 
with intermittent shaking. At the end of the tanning period, the equilibrium 
pH value of the solution was obtained and the quinone-tanned collagen was 


Table J03. Weight Increase of 2 (trams Collagen Powder Tanned for 24 Hours m 200 Ml 
Phosphate-Buffered Quinone Solution. 

(Solution Aged 2 Weeks before Use) 


Initial 

I* inal 

Woiftht 

pH 

pH 

I noroaso 

5.0 

4.2 

0.347 

6 0 

5.7 

0 379 

7.0 

0.8 

0.594 

8.0 

72 

0 489 

9.0 

7.3 

0.502 

10 0 

7.5 

0 515 

10.8 

7.7 

0 457 

11.6 

8.0 

0 298 

12.0 

8.5 

0.100 


'fable 104. Weight Increase of Collagen Powder m Phosphate-Buffered Quinone Solution 

Containing 1 5% lb (>2 
(2.000 gins Collagen m 2(X) ml Solution) 


Initial 

Pinal 


pH 

pH 

IlKTCSiW 

2 0 

1 9 

0.292 

3 9 

2.9 

0.840 

5 0 

3.0 

0.880 

5.5 

3 4 

0.984 

0 0 

3.7 

0.972 

0.3 

4 0 

0.000 

0.7 

5.0 

0 304 

7.0 

5 2 

0.250 

7 2 

5 4 

0.204 

80 

5 0 

0 064 

8.7 

5.8 

0.004 

10 0 

5 9 

0.010 

11.0 

6.6 

0.005 


Table 

105 K fleet 

of pH on Oxidation 

of Quinone During 24-Ilour Oxidation 

Period. 



(0 1 Oram Quinone in 200 ml) 




Phosphate 

Puffer — 


Curate Buffet- 


Initial 

I nml 

Ml OSjV 

Initial 

Final 

Ml OKA' 

pH 

1*11 

IvMnOj 

pH 

pH 

KMnO* 

2 0 

2.0 

0 0 

3 7 

3.7 

00 

0 0 

6 0 

0.0 

5 3 

5 3 

0.4 

7 2 

7.1 

3.2 

0 7 

0 0 

0.5 

7.7 

74 

4 5 

7 0 

0.9 

0 5 

8.0 

7.7 

1 9 

7.5 

7.2 

3 0 

8.1 

7.8 

2 0 

7.0 

7.4 

5.0 

8.7 

8 1 

0.1 

8 0 

7 0 

0 1 

10.0 

8.3 

8.0 

8.1 

7.7 

0.4 

10.2 

8.7 

9.6 

8.2 

8 0 

7.0 

10.7 

10.0 

11.2 

8 5 

8.3 

8 3 




9 3 

9 1 

9.5 


washed thoroughly with distilled water in Wilson-Kern extractors. After 
washing, the collagen was air-dried, then dried in vacuo at 110° and weighed. 
Their data are shown in Tables 1 GO-105 and in Figures 132 to 137. 
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2 GRAMS COLLAGEN POWDER 

TANNED IN 200 ML. 

PHOSPHATE BUFFER 

CONTAINING 2.74 

GRAMS QUINONE 

£ 6 HOURS 

3 i WEEK 

Q £4 HOURS 

O £ WEEKS 

() 49 HOURS 

• 9 WEEKS 



3 456799 10 II 


FINAL pH 




Stacker and Highberger considered the weight increase oi' the quinone- 
collagcn compound over that of the original collagen as the amount of quinonc 
fixed. This fixation, as determined by weight increase, for the phosphate 
buffer system definitely shows a minimum fixation point at about pH 7.5. 
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2 GRAMS STANDARD 

HIDE POWDER — 

-- 

TANNED IN 20 0 ML 

PHOSPHATE BUFFER 


CONTAINING 2.74 

GRAMS 0UIN0NE 


f) 24 HOURS 

O 2 WEEKS 


0 1 WEEK 

# 5 WEEKS 



o 



34 56 78 9 10 II 


FINAL pH 

Figure 133 


Sleeker and Highberger first believed that this minimum value might be due 
to, or related to, the isoelectric point of the purified collagen used by them in 
their first studies. However, subsequent investigation, using regular hide 
powder (the isoelectric point of which is about pH 5.0) showed this minimum 
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m 



FINAL pH 

Figure 134 


point at the identical pH value as before; therefore, they concluded that the 
minimum value way not in any way related to the Isoelectric point of the 
collagen. 

Stocker and llighbcrger next considered the possible effect of the nature 
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of the buffer system upon the quinone fixation. This investigation was 
carried out in a manner similar to that used in their earlier work, but in this 



FINAL pH 

Figure 135 

case boric add-sodium tetraborate buffer mixtures were used. Their data 
for the borate buffer systems indicate the very significant influence of the 
nature of the buffer system upon quinone fixation, in that the alkaline maxi- 
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mum and the minimum point have completely disappeared. In their place, 
however, there appears a single maximum which gradually shifts toward a 
more acid pH value with increasing time of contact. 



0 12345678 


FINAL P H 

Figure 136 

Stocker and Highberger believed that in the case of quinone fixation by 
collagen in the presence of phosphate, quinone is not fixed alone, but is 
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accompanied by other substances. They further postulate that these addi¬ 
tional substances must be derived from quinone through reactions bringing 
about its oxidation and polymerization. For this reason, these investigators 
interpret their data, as shown by the figures as follows: fixation in the acid 
zone up to a pH value of 7.0 represents combination of monomeric quinone 
with collagen, and such fixation is favored by increasing pH value; in the pH 
range 7.0-7.5, the oxidation of the quinone increases so that it predominates 
over the monomeric combination reaction, and for this reason quinone fixation 
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FINAL PH 

Figure 137 


then decreases; at still higher pH values, the combination of collagen with the 
quinone polymer comes into play, and this effect obtains until pH 8.0 is 
reached; above this, the oxidation reaction is so predominant that monomeric 
fixation practically ceases. Stecker and IJighberger assume that the pofymer 
is formed over the entire pH range, but much more rapidly in the alkaline 
zone, and that it combines appreciably with collagen only above pH 7.5. They 
believe that the weight-gain values in the acid range, over long periods of time, 
are due to the slow formation and precipitation of this polymer within the 
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collagen structure itself. In this form, the polymer is not chemically bound 
by the collagen but is merely held mechanically within the structure. 

Stocker and Highberger studied further the oxidation and polymerization 
of p-benzoquinone solutions. They point out that rapid oxidation is known 
to occur in even mildly alkaline solutions. Diels and Kassebart and Diels and 
Preiss have shown quinonc to be quite capable of polymerization. A*-ray and 
microscopic examination have demonstrated that a polymer of quinone may 
be deposited within the structure of quinone-treated collagen. 

In their study of the pre-aging of quinone solutions for some two weeks, 
Steekei and Highberger found a shift of both the maximum and minimum 
fixation points to a lower pH value, and that the maximum fixation value on 
the alkaline side had markedly decreased. They also noted that the weight 
gain at pH values less than 0.5 had increased. They interpreted these facts 
as having resulted from the slow building up of the polymer, in the acid zone, 
during the aging period. To substantiate their interpretations further, 
Stocker and Highberger studied the effect of accelerated oxidation on quinone 
fixation. The accelerated oxidation was produced by adding 1.5 per cent of 
hydrogen peroxide to the p-benzoquinone solutions buffered with phosphate. 
Figure 130 shows their data for a 24-hour tanning period. These indicate 
definitely that accelerated oxidation causes the disappearance of the alkaline 
maximum fixation and the shift to a more acid zone of the acid maximum 
From such data, they postulate that at least, part of the weight-gain increase 
of the quinone-collagen compound in the acid zone is due to the deposition of 
various oxidation products. 

Stecker and Highberger next turned their attention to the oxidation of 
quinone in borate- and phosphate-buffered solutions. In this case the 
oxidation of the quinonc solutions without collagen was investigated. Their 
investigation covered the pH range from 2.0 to 10.0 for a 24-hour period. The 
extent of oxidation was ascertained by a modified “oxygen required" deter¬ 
mination. The determination was carried out by boiling an aliquot of the 
quinone solution with dilute sulfuric acid and a known excess of standard 
potassium permanganate for 10 minut es. A known excess of standard oxalic 
acid was then added and the solution was then back-titrated with standard 
permanganate solution. In this way, t he amount of permanganate used in the 
oxidation of the quinone was estimated. Their data are shown in Figure 137. 
They indicate 4 that but little oxidat ion occurs in the borate syst em below pH 7.0, 
but that above this there is a sharp increase in oxidation. With the phosphate 
system, appreciable oxidation occurs at pH 0.0, increasing to a maximum 
value at pH 7.4, decreasing to a minimum value* at pH 7.7 and then increasing 
at a constant rate. Interpretation of these data indicates that the results 
for oxidation of quinone solutions in the absence of collagen are in good agree¬ 
ment with their previous work dealing with the phosphate-quinone collagen 
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system, and that the inflection in the curves may he ascribed to the formation 
of a polymer which is more resistant to oxidation than is p-benzoquinone. 

ilighberger points out in a recent personal communication that, his 
attention was first directed to the possibility of polymerization by his x-ray 
studies, in which it was shown that qpjnone was the only tanning agent out of 
line with the general rule that only large molecules alter the x-ray diagram 
of collagen on tanning. 

Stocker, in further unpublished work dealing with the nature of the 
quinone polymer, showed that the molecular weight, as determined by the 
Signer isothermic distillation method, was dependent on temperature, decreas¬ 
ing with increasing temperature. The minimum molecular weight of 2280 
was obtained at 43° and remained constant up to 55°. These determinations 
were made' in acetone solution and might possibly be higher in aqueous solu¬ 
tions. 

Stecker points out that the polymer has definite acidic properties and 
proposes a tentative structure, based on molecular weight and hydroxyl group 
determinations. This structure is shown below: 
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Stecker found the hydroxyl content of the polymer to be 4.5-5.0 per cent, and 
lluih he rules out the various chain structures, which might be postulated, 
since these would have a much higher hydroxyl content. 

■ IJighberger and Kersten 1 in 1938 examined various quinone tannages by 
means of x-ray spectrographic analysis. The only previous work dealing with 
the collagen-quinone compound was performed by Katz, in which he showed 
an x-ray diagram of tendon collagen treated with quinone. Highberger and 
Kersten treated collagen powder with quinone in phosphate buffers for vary¬ 
ing periods. The tanned collagen was washed and dried. The weight gain 
was determined and portions of the treated collagen powder were used for 
x-ray analysis. Plate's 12 and 13 show the x-ray pattern for several collagen- 
quinone compounds. Plate 12 shows a reproduction of a sector photograph 
in which the oiiginal collagen diagram is compared with those produced by 
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collagen treated for 6 hours and for 2 weeks. These investigators state that 
the pronounced blurring of the interference due to the side chain spacing is 
very similar to that which occurs on tanning with vegetable tanning liquors, 
as is the loss of intensity of the 2.8 A ring. 



Plato 12 


1. Original Collagen. 

]I. Tanned 6 Hours in Quuione at pH 8.03. 
Collagen. 

III. Tanned 2 Weeks in Quinono at pH 8.03. 
Collagen. 


Contains 0.189 Gram Qunione per Gram Dry 
Contains 0.357 Gram Quinone per Gram Dry 


Ilighberger and Kcrsten in making their first studies did so without first 
determining the bound quinone, and found as a consequence, for the 4-week 
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tanning period at pH 10.0, that their x-ray diagram showed no alteration of the 
original collagen diagram. Since Thomas and Kelly had shown a maximum 
and quite large fixation of quinone under such conditions, it appeared as 
though quinone binding produced little or no alteration in the collagen pattern. 
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Table 106. Fixation of Quinone by Collagen Powder Grains Quinone Fixed per Gram 

Dry Collagen. 

(By Weight Increase) 


pH 

6 Hours 

24 Hours 

15 Days 

5.94 

0.048 

0.078 

0.212 

8.02 

0.157 

0.163 

0.217 

9.97 

0.207 

0.176 

0.149 


Tlie results of Thomas and Kelly were in error in this regard, since they 
did not actually work at the particular pTI value shown in their data. As at 
that time there existed no method for accurately determining quinone pH 
values, they used phosphate buffers of known pH values, assuming that the 
quinone solutions would not greatly change the hydrogen ion concentration. 
In the alkaline zone, this supposition is untrue, and the effect of quinone upon 
the pH value of the buffers can be quite large, as shown by Highberger and 
Kersten in Table 107. 


Table 167 


pll before atkliriK quinone 

5.94 

7.87 

9.91 


pH after juldwiR qumoue 

5.97 

7.75 

8.03 


Highberger and Kersten state: “It thus appears that the sample's which 
had been tanned at pH 10.0 for 4 weeks probably contained very little quinone, 
and consequently showed an unaltered collagen diagram. This is confirmed 
by the results shown in Plate 13, which is a reproduction of a sector photo¬ 
graph comparing the patterns yielded by the samples tanned at pH 9.97 for 
6 hours and for 15 days respectively, the quinone fixation data for which are 
given in Table 160. The fact that the interferences in the diagram obtained 
from the 15-day sample are much more sharply defined than those in the 
pattern from the 6-hour sample shows that the smaller weight gains with 
increasing time cannot be ascribed merely to solution of collagen, but must be 
due to an actual removal of quinone. At present the most probable explana¬ 
tion of this effect appears to be that the fixation of quinone from the alkaline 
solutions is a reversible process, and that an equilibrium is established. Due 
to the high alkalinity of the solution, the free quinone is readily oxidized, and 
the equilibrium, being thus disturbed, is re-established by the dissociation of 
quinone from the quinone-collagen compound. Such a reaction might pro¬ 
ceed until all of the quinone originally fixed had been removed.” 

These investigators further state that since quinone is a definitely crystal¬ 
line substance, superposition of its diagram upon that of collagen would not 
be expected to give the type of result obtained, which is similar to that 
obtained with vegetable and chrome tannages. Relative to their studies, 
Highberger and Kersten further comment: “The characteristic effects which 
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we have found are similar to those classed by x-ray spcetrographers as dine 
broadening/ although much more pronounced than those usually encountered 
in the case of inorganic crystalline materials. 8uch line broadening effects are 
generally the result of one of two causes. These are, first, particle size, and 
second, variations of the crystal lattice due to mechanical or other strains. 
In the present case the effect of particle size must evidently be ruled out, and 
it is our opinion that the effects noted are due to an actual distortion of the 
fiber structure (or semi-crystalline lattice) of the collagen, due to the intro¬ 
duction of the tanning agent-. This is supported by other evidence, not yet 
published, among which may be mentioned the fact that it is possible to obtain 
similar effects, and to enhance those already obtained in tanning, by mechani¬ 
cally distorting the collagen fiber. 

“This view is in agreement with that expressed by Jordan Lloyd, who 
attributed the loss of definition of the side chain interferences to the fixation 
of tanning agent at the strongly polar side chains, and that of the 2.8 A inter¬ 
ference to a marked disturbance of structure. Our own opinion at the present 
time is that the structural dist urbance due to tanning is the resultant of two 
forces operating at right angles. The first of these is due to the disturbance 
of the balanced electrical forces at the polar side chains, which results in a 
lateral distortion of the structure. Possibly as a result of this, and possibly 
from the actual saturation of the weaker attractive forces along the back-bone, 
a longitudinal force is set up which produces a condition of ‘slip’ along the 
fiber axis. The latter condition results in the weakening and disappearance 
of the 2.8 A interference. Such an idea readily explains the loss of strength 
noted by Jordan-Llo 3 r d 2 where this interference was found to be weak or 
absent.” 

In 1912, Theis and Blum 5 made a preliminary study of the mechanism of 
the coUagen-quinone reaction. They pointed out that there was a tendency 
to regard the phenolquinones and hydroquinones as loose molecular com¬ 
pounds whose structure cannot be numerically expressed by changes in 
valence. 

Quinone has at least two reactive groups and therefore should be capable 
of reacting with at least two active amino groups of the polypeptide chain. 
From a theoretical standpoint, we might view the* reaction of quinone with an 
amine somewhat as shown on page 404. 

In their preliminary investigation, Theis and Blum studied the change in 
shrinkage temperature of goat skin tanned for 48 hours at 20° in a one per 
cent solution of quinone. The pH range employed varied from 1.0 to 10.0. 
After 48 hours, the excess quinone solution was removed from the tanned 
leather by means of pressure and the shrinkage temperature of each sample 
determined. Figure 138, curve A, shows the shrinkage temperature for each 
pH value. The trend of this curve demonstrates nicely that actual tanning 
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takes place over the pH range 2.5 to 10.0, reaching a maximum value, as 
regards shrinkage temperature, at pH 6.0. The shrinkage temperature in the 
range pH 4.0 to 7.0 is well above that of normal formaldehyde tannage and at 
pH 6.0 considerably above that of vegetable tannage. The trend of the 
quinone fixation-pll curve is similar to that for other anionic tannages. Curve 



pH 

Figure T38. 


Shrinkage temperature of qmnone-tanned leather. 
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B of this same figure shows the increase in shrinkage temperature taking place 
upon retannage of the quinone leather with formaldehyde. The increase 
in shrinkage temperature indicates that even though quinone reacts with 
available amino groups of the protein chain, not all of these groups react with 



the quinone; and that in all probability additional amino groups react with 
the formaldehyde to form a greater number of interchain bonds, thus increas¬ 
ing the structural stability and shrinkage temperature of the collagen. 

In subsequent studies, Theis and Lams 0 investigated the effect of hydrogen 
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ion concentration upon quinone fixation, upon swelling of the collagon-quinone 
substance, and upon the resulting shrinkage temperature of the quinone 
leather. For this work, they used properly prepared goat skin, a one per cent 
solution of quinone adjusted to the particular pH value noted, and a tanning 
period of 96 hours. After tanning the skin was removed, pressed at 10,000 
pounds per square inch, dried at 105° over night, and the increase in weight 
noted. This increase was taken as quinone bound. Additional pieces were 
tanned for determination of shrinkage temperature. The data so obtained 
are shown graphically in Figure 139. These data give an interesting picture 
of the collagcn-quinone reaction and the following trends are indicated: (a) in 
the pH range 3.2 to 8.7 the shrinkage temperature of the leather is greater 
than 80°, reaching a maximum value of 88° at pH 6.0; at pH values lower than 
3.2 or higher than 8.7, tanning action as measured by shrinkage temperature 
decreases markedly; (b) a maximum weight gain or maximum quinone fixation 
occurs at pH 6.0 and sharp decreases in this factor t ake place on either side of 
this pH value; (c) maximum quinone fixation occurs in the zone of minimum 
swelling. 

The trend of the weight-gain curve corresponds in general to that obtained 
by Sleeker and Ilighberger for their borate buffer systems. These data are 
particularly interesting for comparison since they represent values for un¬ 
buffered systems and a 90-hour tanning period. Theis and Lams fi found that 
for the unbuffered solutions, the maximum quinone fixation may vary from 
pH 6.0 to pH 8.0. 

The swelling and plumping taking place during quinone tannage are of 
particular interest since they picture the maximum quinone fixation and 
maximum shrinkage temperature as occurring in the zone of minimum swell¬ 
ing. The swelling curve shows a definite maximum at pH 1.0, a first definite 
minimum at pH 4.4, a plateau in the pH range 5.0 to 0.0 with an indication of 
a second minimum value at pH 0.5, and finally an alkaline swelling at pH 
values greater than 7.0. 

The shrinkage temperatures of the various quinone tannages are of interest 
since the maximum value occurs at pH 0.0 and is well in line with similar 
values obtained for other anionic tannages, such as vegetable and anionic 
chrome tannage. Further, the occurrence of maximum shrinkage tempera¬ 
ture in the minimum swelling zone again substantiates the postulation of 
Theis et al. relative to the explanation of shrinkage temperatures and degree 4 
of leathering. 

In Figure 140 the acid- and base-binding capacity of quinone tanned 
leather are shown. Those curves were obtained in a manner similar to others 
described in Chapter 4. For this investigation Theis and Lams placed 
properly prepared collagen in a one per cent quinone solution, made 0.1 A 7 
with respect to potassium chloride, and then adjusted such solutions to the 
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desired pH value with either hydrochloric acid or potassium hydroxide. The 
period of reaction was 96 hours. The tanned collagen strips were then 
removed, pressed dry, air-dried and ground to a fine powder. The collagen 
powder was then analyzed for protein, acid or base bound, chloride bound, 
and oxidizing value. 



Curve B of Figure 140 shows the total acidic substance bound over the pH 
range studied, and curve A shows the HC1 bound in the acid zone. The 
difference between curves A and B represents the acidic substances of the 
quinone bound by the collagen. Stecker has already called attention to the 
acidic properties of the quinone polymer, and it may very well be that it is 
this acidic polymer held within the skin structure which is binding with the 
appropriate basic groups of the collagen. 
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That quinone in bound in a manner other than through carbonyl linkage 
is shown by curve C, which represents the residual oxidizing power of the 
quinone-collagcn substance. It is well known that quinone in the presence 
of HC1 will liberate iodine quantitatively as shown: 

O 

A 

I I + 2HC1 + CX 

V 

If the quinone should bind with collagen in a manner such that some of the 
ketonic groups are still available, as postulated by Theis and Blum, then the 
eollagen-quinone compound should show some oxidizing ability similar to 
that exhibited by p-benzoquinone. That this is to some extent true is shown 
by curve C of the Figure J40. The substance bound by the collagen exerts 
a definite oxidizing effect; this reaches a maximum value in the pH zone 
5.0-6.0, and decreases on either side of this point. 

Since they had postulated a binding of quinone with collagen by means 
of groups other than the ketonic, Theis and Lams investigated the reaction of 
Cl _01 

tetrachloroquinone _^>M) with collagen and found that this reagent 

Of C4 

possesses no tanning properties, since the collagen so treated had the same 
shrinkage temperature as untreated protein. 

In subsequent work, Theis and Lams studied the reaction between quin- 
hydronc and hydroquin one with collagen over a pH range of 1.0 to 12.5. In 
this investigation, a one per cent solution of the reagent was used and the time 
of treatment w T as 90 hours at a constant temperature of 20°. These investi¬ 
gators found, as might be expected, that quinkydrone exhibited tanning prop¬ 
erties similar to those of quinone, in that the shrinkage temperature of the 
quinhydrone-collagen compound increased to a maximum value at about pH 
0.0. The hydroquinone-oollagen compound, on the other hand, showed little 
increase in shrinkage temperature at any hydrogen ion concentration; hence 
the supposition that hydroquinone exerts little or no tanning action. The 
data taken are shown in Table 108. 

There is little doubt that quinone is an active tanning agent, and it can 
become an important one in the future. Under proper conditions of time, 
temperature and concentration, leather so produced can be made to stand 
boiling water. 

The exact mechanism of the reaction between collagen and p-benzoquinone 
remains essentially somewhat in doubt, but it may in reality be a combination 
of some three different reactions: (1) a reaction of the ketonic groups of the 
quinone with amino groups of the collagen; (2) a reaction of the 2-5 and 3-6 
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Table 108 


Tanning 

pll 

Qumhydrone 

Shrinkage Temp 
(°0 

Tanning 

PH 

-Hydroquinone- 

Shrinkage Temp 
(° C) 

1.0 

37 

1.1 

39 

1.5 

40 

1.5 

40 

2.1 

44 

2.1 

41 

3.0 

49 

3.1 

44 

3.4 

65 

3.7 

47 

4.4 

7S 

4.6 

49 

4.8 

70 

5.6 

52 

5.3 

80 

6.4 

60 

5.0 

80 

6.9 

65 

6.5 

80 

7.4 

68 

7.1 

76 

8.7 

67 

7.9 

64 

9.6 

67 

8.2 

56 

10.8 

64 

0.2 

56 

11.6 

63 

10.5 

58 

12.3 

61 

11 0 

56 



11.7 

55 



12.2 

55 




positions of the quinone with the free amino groups of the collagen; and (3) a 
reaction of the acidic hydroxyl groups of hydroquinone and quinone polymer 
with a number of the basic groups of the collagen. 

It appears to the authors that much remains to be investigated before we 
can obtain a clear picture of the true reaction. Analogy can be drawn between 
quinone and vegetable tanning react ions, since 1 hey all are essentially anionic in 
character and react with collagen, binding both tanning and non-tanning 
substances. In the two cases, retannage with formaldehyde increases the 
degree of tannage as measured by the shrinkage temperature and thus indi¬ 
cates that certain specific groups are available for combination with other 
tanning compounds. 
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Chapter 14 

Chemistry of Chromium Salts 


Our present knowledge and understanding of the chemistry of the salts of 
chromium, particularly of those which are used in tanning, are based upon 
the concepts of Alfred Werner. This fruitful approach was introduced into 
leather chemistry in 1923 by Stiasny and by Gustavson. The description and 
discussion of chrome compounds in Stiasny’s great book “Gerbereiehemie” 1 
is probably the best and most complete treatise to be found; and we refer 
those readers who are particularly interested in the subject of general chrome 
chemistry to this book. In this chapter we shall give only a brief description 
of those chrome compounds which are of particular interest in our understand* 
ing of chrome tanning. 

In 1920, Werner 4 summarized his general theory as follows: 

“Even when, to judge by the valence number, the combining power of 
certain atoms is exhausted, they still possess in most eases the power of par¬ 
ticipating further in the construction of complex molecules with the formation 
of very definite atomic linkages. The possibility of this action is to be traced 
back to I he fact that, besides the affinity bonds designated as principal 
valencies, still other bonds on the atoms, called auxiliary valencies, may be 
called into action.” 

In other words, Werner assumes that even though the primary valence- 
combining capacity of an atom may be exhausted, some atoms can still com¬ 
bine with other atoms, radicals, or molecules by means of secondary valence 
and thus build up more complex molecules. The number of such groups 
which an atom can hold by means of secondary valence is t ermed its coordina¬ 
tion number . The central atom together with its coordinated groups, usually 
referred to as a complex , functions as a unit, as wc shall see. The value of the 
coordination number varies from two to twelve; in most cases, as with chro¬ 
mium, it is six. Tliis value is a function of available space around the central 
atom. 

According to Werner, 4 chromium salts may be divided into seven types. 
These types may be illustrated by considering the case of the simple salt, 
chromic chloride. There are three different forms of chromic chloride. The 
first, or a form, has the formula CrtVOHsO; the second, or fl form, is 
CrCl 8 -SHaO; and the third, or y form, is CrCl 3 4H 2 0. The three forms show 
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puzzling differences; white all three chlorine atoms may be precipitated from 

the a salt by silver nitrate in aqueous solution, only two are precipitated from 
the & salt, and only one from the y. When conductivity measurements are 
made of aqueous solutions of the three salts, it is found that they function as 
four-, three-, and two-ion solutions respectively. Werner's explanation of 
these differences is illustrated by the following structural formulae: 
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When the a salt is dissolved in water, it ionizes to yield its three chloride ions, 
whereas the chlorine atoms which have entered the coordination sphere of the 
13 and y salts are not ionizable. And when an ion, such as the chloride noted 
above, enters the coordination sphere, it carries its charge with it and thus 
reduces the net charge of the chromium complex, as the formulas show . The 
entrance of un-ionized groups into the complex wdll not, of course, affect its 
net charge. 

We may now consider four more possible types of chromium chloride, 
whose formation may occur in the presence of hydrochloric acid and sodium 
chloride, whereby all complexly held water molecules may finally be displaced. 
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sodium pentachloro- sodium hexachloro- 

aquo-chromiato chromiate 


We thus note the important fact that solutions of chromium chloride may 
contain chromium nuclei with a great variety of electrical charge. This charge 
may vary from three positive charges, through neutrality, to three negative 
charges. The fact that chrome tanning liquors often show both cathodic and 
anodic migration is thus explained. Later w T e shall discuss the seven types 
of compounds described above in their relation to chrome tanning. 

The reader will have noted the nomenclature employed in describing the 
compounds above. This nomenclature was devised by Werner to define the 
nature of compounds on the basis of his theory. The name of a cationic 
complex starts with the complexly held acid groups (chloro, sulphato, formato, 
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etc.) followed by other coordinated groups (aquo, hydroxo, etc.); then comes 
the metallic element (chromi, cobalti, etc.); these terms are then followed by 
the name of the acid radical which is outside the complex. This terminology 
is illustrated by the.0 salt noted above. A neutral, uncharged complex is 
given a name ending with that of its metallic element. Thus the compound 
shown in the fourth formula above is designated: trichloro-triaquo-chromium. 
When anionic complexes are considered, the name of such compounds begins 
with the cation outside the complex and terminates with the name of the 
central atom of the complex, this name ending with the suffix “ate''; see 
the seventh formula above. The valence of the central atom of the com¬ 
plex is indicated by its ending, thus: it is a for a valence of 1; o for 2; i for 3; 
e for 4; an for 5; on for 6; in for 7; and en for 8. The term “chromi” used in 
the formulae above indicates the trivalency of chromium. 

Addition and Penetration Compounds 

Werner distinguishes between addition and penetration compounds. When 
platinie chloride and potassium chloride combine: PtCh + 2KC1 [PtCU]2vj>, 
we note that the four chlorine atoms originally combined with the platinum 
atom are present in the nucleus, along with the two chlorine atoms formerly 
combined with the potassium atom. This is termed an addition compound. 
But when we consider sodium hexaehloro-chromiate (see formula above), we 
note that the condition described for addition compounds is not fulfilled in 
the hypothetical combination of chromic chloride and sodium chloride accord¬ 
ing to the following equation: 

[CiCVlbOhlCl + 3NaOl —> [Cr01 c ]Na3 + 4H,0 

In this reaction the four w r ater groups originally bound to the central chro¬ 
mium atom have been displaced by four chlorine ions, and the compound 
formed is called a penetration compound. 

Penetrating Power of Various Anions 

The ability of various anions to penetrate the complex and thereby displace 
water molecules is of importance in determining the tanning behavior of a 
chrome compound. Stiasny 2 lias arranged the anions in a series of increasing 
penetrating power: N0 3 , Cl, S0 4 , HCOO, CHaCOO, SO., and C 2 0 4 . The 
penetrating power of the hydroxyl ion is evidently of approximately the order 
of the oxalate or tartrate ion. The penetrating power of the nitrate ion is very 
small, since chromium nitrates, or the basic chromium nitrates, always contain 
the nitrate radical in the ionized form, as, for example, [Cr(H 2 0)6](N0 3 )3. 
The penetrating power of the oxalate radical, on the other hand, is very great, 
and the oxalate radical is always complexly held in chromium oxalates. Anions 
may also displace other ions in the complex and follow, in this respect, the 
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same general order listed by Stiasny above. Thus the oxalate or tartrate 
radicals have great power of displacing complexly hold sulfate ion; this is the 
reason for their ability to strip basic chrome sulfate-tanned leather of its fixed 
chrome. The analytical method devised by Thomas,? whereby complexly 
held sulfate groups in chrome leather arc 1 displaced by phosphate ions, is 
another example of the displacement of one group by another. On the other 
hand, the chloride ion with weak penetrating power is less able to displace 
complexly held sulfate groups. 

We have dealt in the above paragraph with anions. Water molecules may 
also sometimes penetrate the complex; their ability to do so is not marked and 
is probably of the order of the nitrate and chloride. Water molecules may 
also displace complexly held ammonia groups from compounds such as 
hexamminc-ehromi chloride [Cr(NH, 3 )«|(\ forming a series of compounds 
with a decreasing number of complexly held ammonia groups until, finally, 
hexaquo-chromi chloride [OrfllaOhJCla is obtained. 

Hydrolysis of Chromium Compounds 

The behavior of aqueous solutions of chrome salts is determined largely 
by the hydrolytic*, changes which have occurred and by the secondary changes 
subsequent to hydrolysis. This subject is of importance in chrome tanning. 

Stiasny 1 lias differentiated the views regarding the hydrolysis of chrome 
salts held by Arrhenius and by Werner and Pfeiffer. According to Arrhenius, 
the progressive hydrolysis of chromic chloride would be represented thus: 

CKb + HOH—>0iO11(% + 11(31; CrOlIHj -I HOH—*CVOH),Cl + 211(31; 

cr(t)H),oi + non—>(Y(oii) B i mci 

Werner and Pfeiffer, on the other hand, regard the hydrolysis as that of 
water removal from the complexly bound water groups, as follows: 

lion —> Oil'll ^ 


whereby the progressive hydrolysis of chromic chloride would be expressed 

rcr(on 2 }rp+* a* -+ non —^ rev on "p + cv+ hoi; 

L J L # 

rcr on “i+* cv + non —rrr(on) 2 "P a-+ nci; 

L (oh.)J L d>ib)J 

rcr(on)* i + a- + non —>> rcrfoiD, i 4 hci. 

L (oninj L 


Both the above concepts show that the hydrolysis of chrome salts is always 
associated with acid formation. And Werner and Pfeiffer’s explanation 
makes it clear that those chrome salts which contain no complexly held H 2 0 
groups are generally not hydrolyzed and hence do not react acid in solution. 

The hydrolysis noted above may, of course, be accelerated by either the 
addition of alkali to the chrome solution or the introduction of skin substance; 
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the latter will combine with the free'acid of the solution until the acid-com¬ 
bining capacity of the skin has been satisfied; and this, in turn, is a function 
of the concentration of available acid of the solution. The hydrolysis may, 
on the other hand, be retarded by the addition of acid to the chrome solution. 

Basic Chrome Compounds 

It will have been noted that when cationic chrome salts which contain 
complexly held aquo groups are hydrolyzed, a basic chrome salt (containing 
OH groups) and free acid are formed. This fact is of importance in chrome 
tanning, because, generally speaking, only those chrome compounds which 
are basic, or which become so in solution, have tanning power. Stiasny 1 
points out that the hydroxyl groups of such basic compounds cannot be 
ionically contained, since, if this were true, their solutions would have to react 
alkaline, whereas they actually react acid. This inevitably leads to the con¬ 
clusion that the hydroxyl groups are complexly bound. Stiasny 1 differentiates 
the two types of basic compounds to be considered: (a) a chrome complex 
which is either positively charged or is neutral, and (1>) a chrome complex 
which is negatively charged. Examples of the two types are shown as 
follows, where 4 A stands for, in this case*, aquo groups and X any acid anion: 


hi) (a) 

4 Basic compounds ] Basic compounds 



Monohydroxo compounds Dihydroxo compounds Tnhvdroxo compounds 

with anionic complex with anionic complex with anionic complex 



A further distinction between the (a) and (b) compounds noted above 
is to be found in their miction to alkali. Addition of alkali to the cationic, 
or positively charged, compound reduces its positive charge, thus: 

[riAhOiil-n —> |tVA 4 fon)d f —> i<va4<oii>*i 

As these compounds approach the hydroxide state, their solubility decreases, 
and their tanning astringency increases. 
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When alkali is added to the anionic, or negatively chained compounds, 
their negative charge is increased, their solubility raised, and their tanning 
astringency is usually lowered. The course of this reaction may be expressed: 

|CrA # X,(OH))-—MCrAX,(011;*J“-—► [CrX 3 (OH)i]~— 


Olation, Polymerization, and Oxolation 

A chrome compound is said to be “dated” when one or more of its hydroxyl 
groups is held between two chromium atoms, whereby it is attached to the 
primary valence of one chromium atom and to the secondary valence of the 
second chromium atom, thus: Cr—<)H"~Cr. The hydroxyl group or groups 
so held are not easily titratable with acid, whereas undated hydroxyl groups 
are. And as will be noted, the process of olation leads to increased molecular 
size. Our knowledge of the phenomenon of olation in respect to its probably 
great significance in chrome tanning is largely due to the work of Stiasny 2 and 
his collaborators. They have shown that olation is favored by heat, increas¬ 
ing concentration, increasing basicity, and by time. When, for example, a 
33 \ per cent basic chromium chloride solution is heated, or is allowed to stand, 
the following changes are presumed to occur: two moles of the original com¬ 
pound combine to form a new compound, with the elimination of water, thus: 
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octahydrate-diol-diehrom-tetmchloridc 
mol. wt. 424 


Stiasny points out that when higher-basicity compounds are employed, 
such as the 66 f per cent basic chrome chloride, the process of olation is 
extended, and greatly increased molecular size is attained. Thus six moles of 
the 601 per cent basic* chrome* chloride may combine to form a compound con¬ 
taining six chromium atoms, having all twelve of its hydroxyl groups olated 
and having a molecular weight of 732. In the same way, six moles of the 
831 per cent basic salt may combine to form a 100 per cent olated compound 
with molecular weight of 1350. It should be noted that as the molecular size 
of these olated compounds increases, they approach a semi-colloidal degree of 
dispersion. This does not mean, of course, that degree of olation alone 
necessarily determines molecular size, for we have seen that the tetrachloride 
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shown above is completely dated but has a molecular weight of only 424, 
whereas the other completely dated compounds described have much greater 
molecular weights. Again, it will be noted that wc may have a trinuelear * 
OOf per cent basic chrome chloride complex which is 100 per cent olated and 
has a molecular weight of 360, whereas a hexanuclear complex which is only 
50 per cent, dated has a molecular weight of 840. 

Stiasny 2 also points out that the process of olation results in an increase of 
acidity of a basic chrome solution, through the shifting of the hydrolysis 
equilibrium and the formation of free acid. This is suggested as one of the 
reasons a basic chrome liquor increases in free acidity upon standing; this is 
in addition to the effects of simple hydrolysis, already described. 

For the sake of simplicity of description we have employed the chloride 
compounds in illustrating the phenomena described above. But the same 
rules apply for chrome sulfate or other chrome compounds, taking into 
account, of course, the valency of the anion under consideration. The olation 
phenomenon just described may be reversed. Whereas the olated hydroxyl 
groups are relatively inert to added acid, they are not entirely so. Thus if we 
lengthen the time of contact with the acid, or if the concentration of the added 
acid is greatly increased, especially if heat is applied, de-olation will occur. 
De-olation is also favored by dilution of the chrome liquor. When de-olation 
takes place, the secondary valence bond between hydroxyl and chromium is 
loosened, and the chromium then satisfies its coordination number wh h a water 
molecule. Thus the oetahydrate-diol-dichrom-tetrachloride described above 
would be resolved into its original two moles of 33| per cent basic chrome 
chloride; these are, in turn, easily acted upon by acid. 

Stiasny 2 points out that the resistance of the hydroxy] olation linkage to 
the action of acids is greatly influenced by the nature of the other groups 
present in the complex. This is because some anions, such as the oxalate, 
possess great affinity for the central chromium atom, leaving but slight 
secondary valence force for maintaining the olation linkage of the hydroxyl 
group, or groups; consequently this linkage is easily broken. On the other 
hand, if the complexly held anion should be the chloride, which possesses much 
less attraction for the chromium atom, the secondary valence forces available 
for the olation bond are much greater, and thus this bond will show T propor¬ 
tionately greater resistance to added acid. For these reasons Stiasny has 
arranged the anions in a series denoting their increasing effect of stabilizing 
the olation bond: oxalate, formate, sulfate, chloride, etc. It will be noted 
that this series is, as would be expected, the reverse of the series of increasing 
penetrating power given on page 413. 

Increase of the molecular size of chromium compounds may also be 
brought about by simple polymerization processes, and these--like olation 
phenomena—are also influenced by increasing basicity, by time, and by tern- 
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perature. Polymerization differs from olation, ho waver, in the fact that 
when the latter occurs water is eliminated. 

Stiasny 2 also calls attention to the importance of oxolated chrome com¬ 
pounds which Werner has termed “oxo.” This refers to compounds in which 
two chrome atoms are bound by an oxygen atom: Or - ()—Cr. These com¬ 
pounds are more stable and more resistant to acid than are elation compounds. 
They may be formed hy continuous heating of olated compounds, with the 
liberation of acid, as follows: 
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The possible significance of these compounds in chrome tanning will be 
discussed later. 

The introduct ion of Werner's concepts into both the theory and pi notice 
of chrome tanning has boon largely responsible for much of the progress made 
in these fields in the past two decades. This will become apparent as we 
proceed with the discussion of their application. Jt must be pointed out, 
however, that in the case of certain hydrates those containing an abnormally 
large proportion of water \\c come to the least satisfactory application of 
Werner’s theory. In the case of the alums, for example (including chrome 
alum), Werner believes their water is held in a polymerized form. Thus 
KA1(S0 4 )*2 J2IIaO would be expressed: 


References 

1 StiHHnv, R , “Goibomehmiup," 1931, Theodor Stmnkopff, 1)nation 

2 -•- . J. Am Leather Chem Ahw , XXVItl, 3X3 (193:0 

3. Thomas, A W , J Am Leather Chem .t.ssu< , XV, nOl (1920) 

4. Werner, A , ‘Wuere Ansehammgon nut dem Gelnete tu*r anorgumst li<*n (’hemic,*’ Fourth ed , 1920, 

and Fifth ed. rev wed by P Pfeiffer, View eg Sohn, Hra,un«rh\vt*ig, 1923 



Chapter 15 

Chrome Tanning 


Prior to 1858 the groat hulk of all leather was vegetable-tanned. In that 
year, however, Friedrioh Knapp* 9 made a discovery which was to bear rich 
fruit and which eventually led to great changes in the leather industry. 
Knap]) discovered that leather could be made by treating animal skin with 
basic chromium compounds. Like many inventors, Knap]) was unaware of 
the* value of his discovery, nor was he able to solve the numerous technical 
and mechanical problems attendant upon the commercial production of 
chrome leather. In 1881, Augustus Schultz patented a chrome-tanning* 
method known as the “two-bath” process; this is described below. Schultz 
was not a tanner but a dye salesman, and his interest in chrome tanning arose 
from the request of a customer for a method of tanning the leather used to 
cover corse! steels which would bo an impro\ ement over the alum tannage 
then generally employed. In 1893, Martin Dennis secured a patent covering 
the use of a basic chrome compound as originally suggested by Knap]), in 
other words, a “one-bath” process. 'Die successful practical application of 
chrome tanning was ultimately due to the efforts and ingenuity of several 
American tanners. In this connection the name of Robert Foerderer deserves 
special mention. Foerderer had not only grout mechanical ingenuity but a 
scientific approach to the problem of chrome tanning as well. This may be 
judged from the following printed statement of his in 1899: 

“The future of the great leuthei industry is dependent entirely upon skill 
and a knowledge of chemical scientific principles. Upon these depend the 
acceleration and cheapening of the tanning process. Our leather manu¬ 
facturers must aim to be more than good machinists; they must, be practical 
and thorough chemists.” 

Two-Bath Process 

As lias been noted, the first commercially applied chrome-tanning process 
was the two-bath method of Schultz. During the intervening years this 
method has been largely replaced by the one-bath process. This is because 
the latter is more easily coni rolled and, when properly applied, yields leather 
results which are fully as good and often superior to two-bath leather. This 
is probably the reason for the surprisingly small amount of available scientific 
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data on two-bath tanning. Today the process is employed mainly in the 
tanning of goat and kid skins, but even here the one-bath method is rapidly 
coming into favor. Two-bath tanning consists essentially of the following; 

The usually bated skin, which may or may not be pickled, is agitated in a 
solution of sodium bichromate, sulfuric or hydrochloric acid, and sodium 
chloride. Chromic acid is formed in this solution and impregnates the skin, 
which becomes yellow in color. At this point the skin is but very slightly 
tanned, as judged by its heat stability. This is because the chromic acid must 
be reduced to the basic state before appreciable tanning occurs. Reduction 
is accomplished by placing the chromic acid-impregnated skin in a second 
bath containing a reducing agent, usually an acidified solution of sodium thio¬ 
sulfate. The sulfurous acid formed reduces the chromic acid to the basic 
state, which compound combines with the skin and tans it. The tanned skin 
has a greenish-blue color. 

The reaction in the first bath may be expressed as follows: 

Na 2 Cr 2 0 7 4 H*S0 4 —> No,S0 4 + II1O2O7. 


In 1912, Stiasny and I)as 75 studied the reaction of the second bath and 
found that it may occur in several different, ways, depending upon variations 
in reacting conditions as noted below. 

(a) H«Cr,O r + 2II 2 S () 4 + 3Na, 2 S/) 3 —*»2Cr<)U£0 4 4 3Na*S() 4 \ 3S + 211,0 

(b) 4H 2 Cr 2 0 7 + 5H*80 4 4- 3Nu*Ka0 3 —>«CrOUS0 4 4- 3Na*S0< 4 511*0 

(c) H 2 O 2 O 7 + 5H,80 4 4- CNaAOi—>2CrOHS (> 4 + 3Na s H () 4 4 3Na 2 S 4 ()o 4 511*0 

Stiasny points out that the reactions of these equations occur simul¬ 
taneously and that the proportions of the individual reactions to the total 
reaction depends upon conditions: dilution, acid excess, and thiosulfate 
excess. It can be assumed that under the normal conditions of two-bath 
tanning, equation (a) constitutes from 30 to 40 per cent of the total reaction, 
(b) 10 to 20 per cent, and (c) 50 per cent. Referring to the sulfur precipitated 
in equation (a), he states that this is actually less in amount than the theo¬ 
retical; this is because part of the sulfur is colloidally dissolved and also 
because it combines with the tetrathionate, (c), to form pentathionate: 
Na2S 4 0(i + S —* Na2So0 6 . Whon sulfur is actually present in two-bath 
leather, however, it results only slightly from the reduction changes above, 
but results from the direct action of acid on thiosulfate: Na 2 S 2 0 3 4- H 2 S0 4 —> 
Na 2 S0 4 + 80* + 8 4- H 2 0. 

In 1924 Meunier and Chambard 61 reported the following observations: 
Skin leaving the first, or chromic-acid bath, shows no swelling; chromic-acid 
absorption by the skin increases with its concentration; the addition of either 
sodium chloride or sulfate to the first bath (Increases the absorption of CrO» 
and increases the absorption of HC1 or H*S0 4 ; and chromic acid has some slight 
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tanning property, since the first hath causes partial dehydration of the skin. 
These observations have been confirmed by Junes. 36 

Theis and Ivalb 85 have extensively studied the first bath of the two-bath 
process, and their results may be summarized as follows: 

They employed three-inch squares of unhaired and bated goat skin which 
were dehydrated with acetone. Experimental methods were as follows: 
Except as noted, a volume ratio of three ml solution per each gram of hydrated 
prepared skin was maintained; time of treatment was 24 hours or more, and 
temperature was maintained at 21°. At the end of the first bath treatment 
the chromed skin was pressed at 3000 pounds per square inch. Part of the 
pressed skin was used for analysis, and the remainder entered the second bath. 
The second bath contained 20 per cent sodium thiosulfate and 10 per cent 
hydrochloric acid; the hydrated skin/solution ratio was one to three. After 
24 hours’ treatment, the tanned skin was removed and again pressed at 3000 
pounds per square inch and analyzed. The hydrochloric acid used throughout 
was of 33 per cent strength. 

Using the above methods, five variables of the first bath were studied: 

(1) Variable concentration of potassium bichromate with added hydro¬ 
chloric acid equal to one-half the bichromate concentration. 

(2) Constant concentration of bichromate with variation of acid con¬ 
centration. 

(3) Constant concentration of both bichromate and acid with varying time 

of treatment. * 

(4) Constant total amount of bichromate and acid but varying volume 
ratio; in other words, variable concentration. 

(5) Constant concentration of bichromate and acid; constant volume ratio 
but varying sodium chloride concentration. 

The results of these experiments may be summarized as follows: 

(1) When bichromate was varied between one and ten per cent with con¬ 
stant acid concentration, the final amount of chrome fixed increased up to 
six per cent bichromate given. Higher bichromate concentrations did not 
increase chrome fixation. 

(2) When bichromate was maintained constant at six per cent and acid 
varied from one-half to six per cent, chromic-acid absorption decreased when 
three per cent of acid was exceeded. 

(3) When six per cent bichromate and three per cent acid were employed 
and time of treatment varied up to 48 hours, it was found that chromic acid 
absorption reached its approximate maximum within one hour. 

(4) When initial amounts of bichromate and acid given were kept constant 
but their concentration varied, the data indicated that the concentration of 
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the first bath bad but little effect upon the amount of (V 2 O 3 fixed in the second 
bath treatment. 

(5) When bichromate was kept constant at six per cent, acid at three per 
cent, and volume ratio three to one, and sodium chloride added in amounts 
varying from 0 to 15 per cent, the* final fixation of O 2 O 3 was decreased, as a 
function of salt concentration, and the shrinkage temperature of the final 
leather was lowered. Addition of sodium sulfate to the first bath also lowered 
the shrinkage temperature of the final leather. These results confirm the 
observations of Meunier and Chambard as to the action of adding salts to the 
first bath in respect to Cr() 3 absorption, 

Stiasny 76 has discussed the possible reasons for the alleged fundamental 
differences in the characteristics of leather produced by the two- and one-bath 
methods. It was long believed that the deposition of sulfur upon the leather 
fiber in the two-bath process tended to produce a softness of the leather, a 
characteristic feel, and a fine grain. But this contention is rendered doubtful 
by the fact that two-bath leather may be produced which contains but very 
little deposited sulfur, without, exhibiting any detectable differences in char¬ 
acteristics, compared with that containing much more sulfur. Also, leather 
may be de-sulfured without undergoing noticeable change in characteristics. 
It is possible that the more uniform chrome fixation throughout the cross- 
section area of two-bath leather, compared with one-bath tannage, may be a 
factor. This more even distribution of fixed chrome in the ease of the two- 
bath results from the fact that the chromic acid is evenly distributed through¬ 
out the skin prior to its reduction. In tfie case of one-bath tannage, com¬ 
bination occurs from the skin surfaces inward, and the finished leather usually 
contains more fixed chrome in its grain and flesh areas than in the center of 
the leather. But it must be remembered in this connection that, depending 
upon the method of pickling and tanning, it is quite possible to maintain a 
perfectly even distribution of fixed chrome throughout the cross-section area 
of one-bath leather. Stiasny states that the basicity of the fixed chrome com¬ 
pound is lower in two-bath than in one-bath leather. lie believes that this, 
together with differences of olation degree and molecular size of the chrome 
compound in the two tannages, probably explains the difference in leather 
qualities. And we would suggest that the various anions formed in the two- 
bath process may greatly influence the composition and tanning behavior of 
the chrome compound, just as different anions affect one-bath leather. 

Conflicting and unsupported statements are often heard to the effect that 
less fixed chrome is required to enable two-bath leather to stand the boiling 
test than for one-bath leather, it must be understood, in the first place, 
that very few of the best American chrome upper leathers remain unaffected in 
area when subjected to boiling water, whether of one- or two-bath tannage. 
The only significant and actual basis of comparison in this question w r ould be 
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to tan pieces of the same skin by the two methods, fixing a wide range of Cn>O l} , 
endeavoring to maintain the same leather basicity for both tannages, and then 
secure quantitative data of comparative percentage shrink of the leather as a 
function of temperature. 

One-Bath Process 

As its name implies, this method consists of tanning the hide or skin 
directly in one solution or “liquor,” in contradistinction to the two-bath 
process just described. The main chrome compound present in one-bath 
liquors is usually the basic sulfate. Basic chrome chloride was once widely 
employed but has been generally replaced by the sulfate, which yields more 
satisfactory leather results. As we shall learn in considering glucose reduction 
of one-bath liquors, significant amounts of other chronic compounds may be 
present in such liquors. 

The bated stock is first pickled, as described in Chapter 11. The pickle 
is usually a solution of sulfuric acid and sodium chloride, but the pickle com¬ 
position is often varied in different tanneries and with different processes. 
'Finis the acid used may be hydrochloric and salts other than sodium chloride 
may be employed, or may be added with the sodium chloride. The pickle 
may thus vary in composition, but the main object of the process is two-fold: 
to bring the skin into a unilorm chemical and physical condition throughout 
its area on the one hand, and to prevent too rapid tannage (especially of the 
outer skin layers) on the other. The various anions present in the pickle 
solution may also markedly affect both the composition and the tanning 
behavior of the chrome liquor which is added. 

The chrome liquor is sometimes added directly to the drum containing 
the pickled skins and the exhausted pickle liquor, and tannage then proceeds. 
Or, the pickling may be performed in a paddle vat and the pickled stock 
t ransferred to the drum for tanning. The tanning may also be performed in 
a paddle vat; this process usually involves weaker chrome liquors and longer 
tanning time than in the case of drum tannage. Another one-bath process 
employed to a limited extent is the so-called “dry tannage ” This process 
consists of drumming the drained, bated but unpickled skin with a very small 
volume of highly concentrated chrome liquor. It is often assumed that this 
method means that the actual tanning is performed by very concentrated 
chrome liquors. This is usually not the case, however, if for no other reason 
than that such highly concentrated solutions are unable to diffuse adequately 
into the skin fiber. Tannage actually results because bated stock contains a 
large quantity of free water. This free water diffuses out of the skin and 
greatly dilutes the originally highly concentrated chrome liquor which had 
been added to the drum in small volume, thus making possible the diffusion 
of the now diluted chrome liquor into the skin fiber. 
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A convenient one-bath method is that in which both pickling and tanning 
are performed in the same drum, as described above. This preference is 
because such a process may lend itself to better control than do other methods, 
and permits the production of high-quality leathers as well. Consequently, 
most of this chapter will deal with the various factors involved in such 
tannage and, finally, with their theoretical interpretation. But before pro¬ 
ceeding, it will be well to describe the general steps involved and the main 
factors which result. 

The bated skin is pickled in the revolving drum until equilibrium is 
reached. The point of equilibrium is usually determined as a function of the 
pH value of the exhausted pickle solution, as indicated by the glass electrode. 
Any necessary adjustment to a predetermined standard pH value may be 
made at this point by the addition of the required amount of acid or alkali. 
The pickled skins are now ready for tanning. The required amount of 
chrome liquor of the proper basicity is slowly added through the gudgeon of 
the revolving drum. The rate at which the chrome liquor is added varies 
with the preference and experience of individual tanne?*s, and with the 
general process employed. 

The drumming is continued until tannage is judged to be complete. In 
some processes tannage; is not completed until, near the end of the process, a 
small amount of a mild alkali (such as sodium or ammonium bicarbonate or 
borax) has been added to the drum. When we speak of “completeness” of 
tannage we mean that sufficient chrome has been fixed by the skin and that 
the basicity of the resulting leather is of the proper and predetermined value. 
The alkali addition noted may be necessary to attain the required chrome 
fixation and leather basicity. 

It is now known that these two factors are a direct function of the over-all 
basicity of the drum contents. By “over-all” basicity is meant the basicity 
of the entire drum contents, including all pickle acid. As the over-all basicity 
is raised ( e.g ., by the addition of alkali) the ability of the skin to fix chrome is 
proportionately increased, and so also is the basicity of the tanned skin. In 
some tannages the addition of alkali is found not to be necessary, because the 
over-all basicity of the drum contents is already sufficiently high. As will be 
discussed later, the skin attempts to come into equilibrium with its surround¬ 
ings, and if the tanning period is sufficiently lengthened the tanned skin 
attains the same basicity as the over-all basicity of the drum contents. This 
does not usually happen in practical tanning because the tan drum is not run 
long enough to attain complete equilibrium. The tanner usually considers 
chrome leather to be tanned when it does not curl or lose in area upon sub¬ 
jection to hot vrater. But this does not necessarily mean boiling water. 
Many of the best American chrome upper leathers are considered properly 
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tanned when they stand a set standard of temperature, which may be 
appreciably below 212° F. Certain other good leathers will actually stand 
boiling in water* The very important subject of the resistance of chrome 
leather to heat will be discussed later in this chapter. 

If we now attempt to summarize the important factors in drum tanning, 
the following are found: nature of pickling treatment and composition of the 
pickle solution; effect of all the various ions present in the tan drum; relation 
between pounds of hide substance and pounds of liquor in the drum; tempera¬ 
ture of the drum contents during tanning; the percentage of Cr 2 0 8 given per 
unit of hide substance; over-all basicity of total drum components and their 
pH value; composition of the chrome compounds present in the drum, together 
with the length of drumming period and the speed of the drum. All these 
factors influence the fixation of chrome and the characteristics of the final 
leather product. The successful tanner is one who strives to keep uniform 
the process he has found to be best suited for the leather ho wishes to produce. 
However, such uniformity may be achieved only by strict chemical control. 

Preparation of One-Bath Chrome Liquors 

As has been noted, most chrome leather is produced by the one-bath 
method. By this it is meant that the pickled skin or hide is tanned directly 
by means of a basic chrome solution. The manner in which such basic solu¬ 
tions are prepared greatly influences the character of the leather produced* 
There are numerous methods of reduction, but all involve the reduction of 
chromium from the hexavalent to the trivalent state. The two most impor¬ 
tant commercial methods emplo}' either glucose or sulfur dioxide as the 
reducing agent, and these two methods will now be discussed at some length. 

Glucose Reduction. In 1897, PI. R. Procter 62 suggested the addition of 
sucrose or glucose to an acidified bichromate solution, whereby reduction is 
effected and basic chrome compounds arc obtained. Procter pointed out that 
the organic by-products of the reaction would no doubt influence the tanning 
qualities of the resulting chrome liquor. A large proportion of the basic 
chrome liquors used today are glucose-reduced. The method of preparation 
usually consists of dissolving sodium bichromate in a lead-lined tank contain¬ 
ing a stirring device; the proper amount of sulfuric acid is then added and this 
is followed by the very slow addition of the requisite amount of glucose. The 
glucose must be added very slowly to prevent the reaction from proceeding at 
a too violent rate. The completed “liquor” may show a specific gravity of 
48° BA and is usually allowed to cool and to age for several days; after this 
it may be diluted to 40° BA (or whatever gravity is desired) and should then 
be allowed to age for at least one week before use. The reason for the ageing 
is that time is required for the various chrome compounds formed to become 
stable in composition. 
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The theoretical reaction of the reduction described above, employing 
sucrose as the reducing agent, would be: 

8Na 2 Cr 2 0 7 + 24H 2 SG 4 + 0«lC«On —81STa 2 S0 4 + 160(011)804 + 27H.O + 1200, 

This reaction, requiring 16.3 per cent of sucrose on the anhydrous bichromate 
weight, yields a 33 \ per cent basic chrome sulfate, assuming the sucrose has 
been completely oxidized to CO 2 and H 2 O. Such complete oxidation does not 
occur under the manufacturing conditions of the tannery, where factors of 
temperature, concentration of unreduced chromic acid, etc., interfere. As a 
result, other oxidation products of sucrose or glucose are formed which may 
greatly influence the composition and tanning behavior of the chrome com¬ 
pounds produced. The amount and kind of such products, and their ultimate 
effect upon the nature of the chrome liquor, vary with local tannery conditions 
of manipulation. The products also vary with the sequence of mixing the 
original reactants, as will be shown. When organic acids are formed, they 
decrease the basicity of the liquor below the calculated value, based upon the 
inorganic acid used. They may also penetrate the chrome complex and 
radically change its tanning behavior and render it less astringent. Such 
compounds are often termed “masked,” because they possess increased resist¬ 
ance to the precipitating effect of added alkali. It is because of the phenomena 
just described that glucose-reduced liquois possess tanning properties different 
from those obtained if the reduction is brought about by the much simpler 
process employing sulfur dioxide. 

General tanning experience indicates that plumper upper leather is pro¬ 
duced by glucose-reduced liquors than by liquor reduced with sulfur dioxide. 
Many other organic reducing agents have been suggested from time to time, 
such as glycerin, spent tan bark, ivood shavings, leather shavings, sulfite 
cellulose liquors, etc. But since the reaction is very complicated at best- and 
since glucose is comparath ely cheap, its use has not been displaced by the 
less w^ell understood organic materials noted. Their employment may be 
considered, however, if conditions, such as those of war, make it difficult to 
secure glucose. 

There are on the market a number of prepared basic chrome compounds, 
in dry form, which some tanners use in preference to preparing their own 
chrome liquors. These compounds cover a wide variety of composition and 
some of them are said to be; glucose-reduced. The heating necessary for pre¬ 
paring solid extracts and for their subsequent solution is presumed to bring 
about changes in the composition of the chrome complex, and may affect its 
electrophoretic migration and its tanning behavior. 

The first adequate quantitative study of the chemistry of glucose reduction 
was published by Stiasny and Ziegler 77 in 1931. They prepared glucose- 
reduced basic chrome sulfate liquors in which a number of factors of reduction 
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Non-volatile 

Volatile 
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Value 

Acid 

Acid 

Acid 

A 

33 3 

33 4 

27.0 

6.3 

0.0 

6.3 

n 

33.3 

33.1 

25.1 

8.2 

0.0 

8.2 

c 

43.3 

43.4 

33 0 

10.3 

00 

10.3 

i> 

33.3 

30.7 

18 6 

14.7 

2.7 

12.0 

L 

33 3 

33,3 

16.5 

16.8 

1.9 

14.9 

V 

43.3 

39.5 

26.9 

36.4 

3.1 

13.3 

(1 

33.3 

31.9 

21.6 

13 7 

1.0 

10.7 

If 

33.3 

31.3 

23.0 

10.3 

1.4 

8.9 


were varied; the results are shown in Table 109. Liquors A, B and 0 were 
prepared by adding glucose solutions to a potassium bichromate-sulfuric 
acid mixture; liquors D, E, F and G by adding sulfuric acid to a bichromate- 
glucose mixture; liquor H was prepared by adding cold saturated bichromate 
solution to a sulfuric acid-glucose mixture. The proportion of bichromate 
to acid was such (with the exception of C and F) that the theoretical basicity 
of the finished liquors would be 33 3 per cent; 0 and F were 43.3 per cent. 
Liquors A, 0, 1), F and II wore reduced with the minimum amount of glucose 
required for complete reduction, B and E were given 10 per cent excess glucose, 
and liquor G was reduced with a mixture of glucose and dextrin. The chrome 
content of all the liquors was 80 grams per liter. Reductions were carried out 
at the boiling temperature of the solutions for 90 minutes. The pH values or 
the finished liquors varied with the amount of acid employed and ranged 
between 2.85 and 3.40. Electric migration was determined after the liquors 
had aged for three weeks and was found to be cathodic in all cases. 

It will be noted that three final basicity values are given in the table, 
which are marked 1 , 2 , and 3. The first is the calculated or theoretical 
basicity, based on the inorganic? acid employed. The second value was 
obtained by determining the total acid present by means of the usual hot 
titration with NaOII, employing phenolphthalein as indicator. But before 
such titration was made' the analytical chrome solution was boiled to drive off 
any free volatile acids which had been formed. The third basicity value was 
secured by means of the formaidohyde-bariuin chloride method, whereby all 
acid groups—both organic and inorganic— are presumed to be determined. 
The amount of both volatile and non-volatile organic acid formed during the 
various reductions is expressed in the table as a function of degree of change 
in basicity. Thus, the difference in the first and second basicity values 
measures the non-volatile organic acid formed, which in the examples described 
was found to consist exclusively of oxalic acid. The difference between the 
first and third basicity values indicates the extent of formation of both volatile 
and non-volatile acids. 

Theis and his collaborators 86 extensively studied sugar reduction in a 
series of papers published in 1934-39. These investigations will now be 
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summarized and the reader is referred to the original articles for more detailed 
information. 

The methods of reduction were varied along the lines pursued by Stiasny 
and Ziegler, as follows: 

(1) Addition of sucrose to a solution containing potassium bichromate and 
sulfuric acid. 

(2) Addition of sulfuric acid to a solution containing sucrose and bichro¬ 
mate. 

(3) Addition of bichromate to a hot solution of sucrose and sulfuric acid. 

In all cases the third reactant was added slowly (over a period of 15 

minutes) to a boiling solution of the other two. The mixture was then heated 
for two hours. All liquors had a theoretical basicity of 33§ per cent. Employ¬ 
ing the general experimental scheme just described, the amount of sucrose 
used was varied from the theoretical requirement without excess to 50, 100, 
150 and 200 per cent excess. At the conclusion of reduction, determination 
was made of the following oxidation products: carbon dioxide evolved, acetic, 
formic and oxalic acids, aldehydes, humic acids (insoluble organic matters), 
insoluble polymers of hydrocarbons, glyoxylic acid, and unchanged sucrose. 

When sucrose was added to the acid-bichromate mixture, scheme (1), the 
amcfunt of CO 2 evolved equals some 70-75 per cent of the theoretical amounts 
of the equation: 8K 2 Cr 2 0 7 -f 24H 2 S0 4 4- C 12 H 22 O 11 12C0 2 + lGCrOIISCh *f 

8K2SO4 4 - 24H 2 0. These authors point out that when the sucrose is added 
that it is the first portion only which encounters conditions that are favorable 
for the formation C0 2 , and that there is no additional C0 2 evolution when 
the amount of added sucrose is increased. When acid is added to the sucrose- 
bichromate mixture, scheme (2), C0 2 evolution falls from 64 to 31 per cent 
of the theoretical as increasing amounts of sucrose are employed and under 
scheme (3) it ranges from 74 to 49 per cent of theoretical. 

The general results of all these experiments may be best understood from 
Figure 141, from which it will be noted that carbon dioxide is the highest 
proportionate oxidation product and that its amount, as well as the amount 
of the various organic acids and formaldehyde formed, is a function of the 
manner in which the various reactants are added. The results illustrated in 
Figure 141, were obtained by collecting and determining all the volatile 
products normally evaporated off and by determining the remaining volatile 
and non-volatile organic compounds present in the finished chrome liquors. 
When reduction is performed in an open system, as in tannery practice, much 
of the volatile products formed escape into the atmosphere, as would be 
expected. 

Theis and his collaborators found that, in general, the theoretical oxidation 
equation was most nearly approximated when sucrose was added to a boiling 
bichromate-acid solution, and at the highest bichromate concentration. They 
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further found that masking agents are best produced when oxidation condi¬ 
tions arc least drastic. 

Sulfur Dioxide Reduction. Tn 1907, Appelius and Schall 2 described the 
reduction of bichromate with sulfur dioxide. 'The process was later suggested 
by both Balderston 6 and Procter. 63 This method is very simple to manipulate, 
consisting of the introduction of sulfur dioxide into an aqueous bichromate 
solution and heating the reduced chrome liquor to remove any excess, residual 
sulfur dioxide. The reaction may be dogmatically expressed as follows: 
Na 2 CY 2 0 7 -f 3S0 2 -f H 2 0 ■—»2Cr(()Ii)SOj 4- Na 2 SO t . In this way a 33§ per 
cent basic chromium sulfate is obtained, without any of the organic by¬ 
products of the glucose reduction method. Stiasny and Gergely 78 have shown, 
however, that the equation given above does not necessarily express the course 
of the reaction, even though the end products may be as noted. According 
to these authors, the course of the reaction varies with the concentration of the 
solutions employed and with the temperature of reduction, as will be seen. 

When a dilute solution of potassium bichromate, 10 grams per liter, is 
reduced in the cold with aqueous sulfur dioxide, the latter is completely 
oxidized to dithionate, thus: KaCY^Oy -f 71I 2 SO a -> K?S0 3 + CY 2 (8 2 Oo) 3 -f 
7IT 2 0. The chromium is now entirely in a cationic form. The liquor gives 
a precipitate with ammonia, but not with barium chloride, indicating that the 
anion of the complex chrome salt is not S0 4 but S 2 (V If such a solution is 
boiled, the dithionate is decomposed, thus: (YaOSoOA* (Y 2 (S 0 4 )3 + 3S0 2 . 
The normal sulfate is now decomposed by the sulfite (which was simul¬ 
taneously formed with the dithionate) yielding a 33 J per cent basic chrome 
sulfate: (Y 2 (S0 4 )3 + K*SO a + 11*0 ^2Cr(OH)SOi f K*8<) 4 -f- SO*. 

When a higher concentration of bichromate is employed, say 50 grams per 
liter, and aqueous sulfurous acid reduction is performed at a low temperature, 
the resulting chrome liquor contains both anodic and cathodic chrome com¬ 
plexes. Precipitation occurs immediately upon addition of RaCl 2 , but only 
after standing or heating upon addition of HOI and BaCl 2 . These authors 
conclude, therefore, that the freshly prepared liquor does not contain free S0 4 
ions. These appear only as they emerge from the anionic complexes, with 
the formation of cationic complexes. If the bichromate concentration is 
further increased (130 grams per liter) and reduction is performed at low 
temperature with gaseous sulfur dioxide, the resulting liquor contains a greater 
proportion of anodic complexes. It remains masked against the action of 
HOI and Ba01 2 for a longer time than liquors made from the lower bichromate 
concentrations. When a saturated bichromate solution (containing excess 
solid bichromate) is reduced at low temperature, with gaseous sulfur dioxide, 
a chrome compound is formed which migrates anodically almost exclusively. 
It remains masked against the precipitating action of HOl/BaCh even after 
six months of aging. Its formation may be represented thus: Na^Crath-H 
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3S0* + H*0 [ C V‘> (Oil ) 2 (S 0 , t ) 3 JNa 2 . When diluted it decomposes, first 
yielding a neutral, one-third basic (complex ion, [0r01LS(> 4 ], and later a one- 
third basic complex cation, ICrOH] • - , S()r~. 

It may be assumed that under the manufacturing processes of the tannery, 
the end products of the sulfur dioxide reduction processes are, essentially, 
one-third basic chrome sulfate and sodium or potassium sulfate. But the 
experimental studies described above illustrate how complicated the course 
of the reaction may be, and they emphasize the necessity of uniformity in 
methods of reduction. A great deal of practical scale experimentation has 
been performed whereby various masking substances have been added to 
sulfur dioxide-reduced liquors, in an effort to simulate the leather produced 
with glucose-reduced liquors. While this information is not readily avail¬ 
able for publication, it may be stated that many successful results have been 
reported. 

Among other inorganic reducing agents used in the preparation of one- 
bath liquors there may be mentioned sodium bisulfite and sodium thiosulfate. 
The chemistry of such reduction processes has been investigated by Stiasny 7 ® 
and his collaborators. 

Aging of Chrome Liquors 

It is generally believed that all one-bath chrome liquors, especially those 
reduced with organic agents, should be allowed to age after they are made 
and before they are used. Most tanners allow' their chrome liquors to age 
for at least three days and, preferably, for a week or more before using. But 
there is no general agreement as to the exact aging time required nor how such 
would lie determined. Nor has any entirely convincing evidence been 
advanced to show that leather characteristics or quality may be correlated 
with time of liquor aging. We ourselves have been unable to find any 
difference in the extent of chrome fixation of leather, or in leather basicity, 
when a glucose-reduced liquor is used immediately or is allowed to age up to 
eight days before tanning under carefully controlled experimental conditions. 
Chrome content and leather basicity do not necessarily tell us anything as 
to leather quality. In discussing the point with many successful chrome 
tanners, one receives conflicting statements; one tanner may state that there 
is no difference in leather quality due to time of chrome-liquor aging, whereas 
another tanner finds considerable difference, particularly in leather fullness 
and uniformity. There can be but little doubt, however, that aging all one- 
bath chrome liquors for a week is a sound procedure. The theoretical reason 
underlying it is found in the fact that chrome liquor is a heterogeneous sys¬ 
tem which requires time in which to reach equilibrium. 

Some of the factors which influence or determine the equilibrium referred 
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to above have been studied by numerous workers; they include changes in pH 
value, olation degree, and the relative proportion of chrome-bound acid 
radical which is complexly or ionically held. These experimental studies will 
now be discussed. 

The investigations of Stiasny, 77 Stiasny and Grimm, 78 and Stiasny and 
Balanyi 79 may be summarized as follows. Aging changes in both normal and 
basic chrome sulfate solutions were determined by the fluctuations in pH 
value, the olation degree (derived by means of the indicator method to be 
described), ionized sulfate derived by a modification of the benzidine method, 
and complexly held sulfate by means of Gustavson’s pyridine method. A 
10-gm Cr per liter solution of normal chrome sulfate made up cold showed the 
changes upon aging at room temperature given in Table 170. 

Table 170 

Complex bound SO*_ 


Time 

pH Value 

Total SO* bound 

Immediately 

2.68 

0.0 

After 3 days 

2.65 

8.1 

After 4 weeks 

2.38 

18.1 

After 7 weeks 

2.30 

27.0 


The acidity increase noted in Table 170 is attributed to olation, which 
has influenced the hydrolysis equilibrium and liberated free HaSOj. When a 
similar solution was made and boiled with a reflux condenser for three hours, 
cooled, and the determinations above were repeated, the results shown in 
Table 171 were obtained. 


Table 171 

Complex hound SO 4 


Time 

pfl Value 

Total SO* bound 1 

Immediately 

1.39 

58.1 

Alter 2 days 

1.41 

50.8 

After 2 weeks 

1.49 

48.1 

After 7 weeks 

1.73 

37.1 


The decreased acidity induced by aging the boiled solution is explained 
as a balancing of effects: the de-olation which occurred on aging tended to 
decrease acidity; the stronger hydrolysis of the acid groups emerging from the 
complex tended to increase it. 

These authors then studied basic chrome sulfate solutions, that is, solu¬ 
tions of normal chrome sulfate made basic by the addition of NaOH, and of a 
concentration of 10 gm Cr per liter. The results are shown in Table 172. 

The authors point out the greater penetration of S0 4 groups into the com¬ 
plex of basic chrome sulfates than in the case of the normal salt, as shown by a 
comparison of Tables 170 and 172; that the higher the basicity the more 
rapidly the S0 4 groups enter, but that the maximum degree of penetration 
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Table 172 


Time after 
making basic 

pH Value 

Complex bound SCh 
Total BO* bound to Or 

5 min. 

12 per cent Basic 
4.32 

5.7 

19 hours 

. . . 


34 hours 

. .. 


2 days 

2.84 

24.8 

2 weeks 

2.51 

31,3 

7 weeks 


40.2 

5 min. 

33 per cent Basic 


19 hours 

3.63 

2*9.1 

34 hours 

.. • 


2 days 

3.10 

36.4 

2 weeks 

2.99 

37.6 

7 weeks 

2 93 

39.9 

5 min. 

50 per cent Basic 


19 hours 

... 


34 hours 

3.51 

39 A 

2 days 

3.34 

38.9 

2 weeks 

3.32 

39.9 

7 weeks 

3.31 

38.7 


x 100 


Table 173. Degree of Olation of 33.3% Basic Chrome Sulfate at Boom Temperature. 


After 

0 1 % Or 

0 2Or 

0 

i 5% Oi 

1 0% Or 

2 O' I Cr 

3 0% Cr 

1 hour 

19.0 

19.0 


17.1 

16.6 

15.0 

13.2 

5 hours 

54.0 

55.6 


60.1 

62.5 

63.8 

64.9 

24 hours 

75.1 

76.9 


77.8 

79.9 

82.5 

84.3 

5 days 

82.9 

84.5 


87.5 

89.3 

91.6 

94.0 

4 weeks 

85.6 

88.2 


91.0 

93.2 

95.3 

97.1 




At 

40° 




1 hour 

77.9 

80.3 


83.1 

84.3 



5 hours 

88.1 

90.5 


92.4 

94.2 



24 hours 

92.0 

94.3 


96.3 

97 5 



5 days 

92.0 

94.3 


96.3 

97.5 






At 

75° 




1 hour 

92.9 

95.0 


97.3 

98.5 



5 hours 

100,6 

99.2 


101.3 

100.6 



24 hours 

100.6 

101.3 


101.3 

100.6 





50.0% 

basic. 

Boom Temp. 



1 hour 

35.2 

35.9 


36.8 

37.7 



5 hoxirs 

60.3 

61.2 


63.8 

64.9 



24 hours 

73.7 

75.6 


78,7 

79.9 



5 days 

85.2 

87.1 


89.7 

91.1 



4 weeks 

89.1 

91.1 


95.2 

96.8 
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appears to be independent of the basicity degree. And they stress the 
fundamental difference in the behavior of basic chrome chloride and basic 
chrome sulfate, in that the chloride ions are always ionically held by the 
former, whereas some of the sulfate ions are always complexly held by the 
latter. The chemistry of the basic chrome chlorides is consequently much 
simpler than that of the basic sulfates. 

Stiasny and Konigfeld 80 have studied the influence of basicity, time, tem¬ 
perature, and concentration on the degree of olation of both basic chrome 
chlorides and sulfates, employing the indicator method to be described. Their 
results for some basic chrome sulfates are shown in Table 173. 



Figure 142 


Table L73 shows that if the method employed by Stiasny and Konigfeld 
has yielded accurate olation degree figures, it may then be assumed that the 
highly concentrated chrome liquors prepared in the tannery are practically 
completely dated during their preparation, which entails long heating. 

Theis, Serfass and Weidncr 87 have also studied aging phenomena, employ¬ 
ing a dry chrome extract which was prepared by evaporating a 35 per cent 
basic glucose reduced chrome liquor. Various solutions containing 1.0 per 
cent O 2 O 3 were made by dissolving the dry extract at temperatures varying 
from 30 to 100°; these temperatures were maintained for one hour to insure 
complete solution at the lower temperatures. 

The olation degree of solutions prepared as above, and containing 1.0 per 
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cent Or, was determined immediately after the original solutions had cooled 
and again after they had aged live days at room temperature. The con¬ 
ductometric method was employed. The results are shown in Figure 142. 
It will be noted from the figure that both fresh and aged solutions were already 
highly dated, and that all solutions showed practically complete elation at 
100°. 

The percentage of free acid of the various solutions was determined by a 
conductometric titration of 50 ml of 0.1 per cent Cr dilution with NaOII. 
The results are illustrated in Figure 143, which shows a low initial free acid 



content in the freshly prepared solutions; this value increases with rising 
temperature. The aged solutions, however, show just the reverse; that is, a 
high free acid value at 30°, which decreases with rising temperature, until it 
equals the value of the fresh solution at 100°. 

The effect of aging on the distribution of chrome-held sulfate radical was 
also determined by Tlieis, Serfass and Weidner. They dissolved the dry 
chrome extract described at 20°, diluted it to contain 0.75 per cent chromium, 
filtered it, and determined ionic sulfate as follows. To 25.0 ml of the chrome 
solution were added 35.0 ml of 0.2iV Ba(N0 3 )2 and seven minutes later the 
solution was conductometrically back-titrated with 0.2 jV Li 2 S0 4 . Complexly 
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bound sulfate was thus obtained by difference. Portions of the freshly pre¬ 
pared 0.75 per cent chrome solution were allowed to age for 0, 2, 4, and 5 
hours; on titration those showed 54, 49, 47, and 46 per cent respectively of the 
total chrome bound acid to be complexly held. 

Kiintzel, Riess and Konigfeld 41 have discussed the phenomenon of the 
aging of basic chrome sulfate solutions. They divide aging into two phases: 
a primary hydrolysis whereby free acid and basic salt result and where 
equilibrium is quickly reached and, secondly, the aggregation of the basic 
salts thus formed to larger molecules, which are more acid-resistant. They 
point out that such acid-resistance may not be due merely to olation, as 
Stiasny has taught, but may involve the conversion of the olated compounds 
to the oxo state. 

In considering the various phenomena of aging as discussed in this section, 
we would re-emphasize that it has not yet been clearly established that aging 
of chrome liquor and quality and characteristics of leather can be satisfactorily 
correlated. On the other hand there is no evidence that aging of chrome liquor 
is undesirable. When we attempt to evaluate the various constants which 
have been detailed in this section, it must not be forgotten that prepared 
tannery chrome liquors are highly concentrated systems and that all the 
experimental results described were obtained with greatly diluted solutions. 
We cannot be sure, for example, that the relation of ionic and complexly held 
acid sulfate found in a 0.1 per cent chromium solution is necessarily that of the 
highly concentrated tannery liquor from which it is made, since the equilibrium 
conditions of the two solutions are quite different. 


Basicity of Chrome Compounds 

Since basic compounds are the important chromium salts in tanning, a 
means of calculating and expressing their basicity value becomes necessary. 
Several methods of expressing basicity have been suggested, but the con¬ 
venient one due to Sehorlenuner has been generally adopted. According to 
this system, basicity is the percentage of the total O 2 O 3 present which is 
combined with hydroxyl. Thus Cr 2 (S0 4 )a would have a basicity of zero and 
an acidity of 100 ; Cr(0H)(S0 4 ) would be 33,3 per cent basic and 66.7 per 
cent acid; Cr 2 ( 0 II) 4 (S 04 ) would be 66.7 per cent basic and 33.3 per cent acid, 
and Cr(OH)s is 100 per cent basic. The over-all basicity (that is, calculated 
on all chrome and all acid radical present) of a chrome liquor or of a chrome 
leather, may be conveniently calculated as follows: 


equivalents o f ac id SO 4 
equivalents of Cr 2 0 8 


X 100 ** Acidity 


Since both acid sulfate and chromic oxide are usually expressed in per¬ 
centage, we can substitute these figures for equivalents in the above formula 
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and calculate the acidity by multiplying the per cent acid sulfate by 52.8 and 
dividing the result by the per cent chromic oxide. The acidity value thus 
obtained, deducted from 100, equals the basicity. In the case of the basic 
chrome chlorides the factor is 71.4. 

It must not be overlooked that the usually expressed basicity value of a 
chrome liquor is computed from the total value of its acid components—that 
is, both the free acid and that combined with the chrome. And in the case 
of leather basicities, unless otherwise stated, the sum of both chrome bound 
and protein bound acid is employed. 

Analytical and Experimental Methods. In order that the reader may 
better understand the experimental results to be described and discussed, it 
becomes necessary to outline briefly the methods whereby they have been 
obtained. This information will also facilitate the repetition or the extension 
of the experimental studies herein described when desired. Those who have 
followed the literature of chrome tanning will have noted that conflicting 
experimental results arc often due to differences in experimental technique. 
We shall therefore describe the principal methods now employed in chrome 
tanning studies. 

pH Value, The pH value of all aqueous solutions may be easily and 
accurately determined by means of a glass electrode. The ordinary type of 
glass electrode is unaffected by those ions which “poison” the hydrogen 
electrode, and it is accurate to a pH value of approximately 10.0. 

Precipitation Point Value. This value was suggested by McCandlish in 
1917. 49 It is useful not only in tannery control of chrome liquors but is of 
importance in many theoretical studies. As the term implies, it is a deter¬ 
mination of the amount of alkali which must be added to an acid chrome liquor 
to bring about a permanent precipitation of the chrome it contains. Alkali 
is slowly added to the chrome solution (which is first filtered in the case of 
exhausted tan liquors) until a permanent turbidity appears. This method is 
satisfactory for routine tannery operations, where approximate accuracy may 
be sufficient. But when precipitation studies require highly accurate results, 
precipitation cannot be correctly judged with the naked eye, as Stiasny and 
Ziegler 81 have shown. These authors have employed a nephelometer, that is, 
a Zeiss step photometer with a cloudiness scale. 

Chromium. There are several standard methods for the determination 
of chromium, but the authors have found that the simplest and quickest 
method is that suggested by Cameron and Adams. 11 This method is highly 
accurate and is as follows. 

In the case of chrome liquors, 25 ml of the diluted liquor (containing 0.0015 to 0.0625 
tjjram 0*0* per ml) is pipetted into a 125-ml Erlenmeyer flask. Add 10 ml perchloric acid 
(70-72 per cent), place a small funnel in the neck of the flask and heat moderately on the 
hot plate until the chrome is completely oxidized. Cool, transfer to a 500-ml Erlenmeyer 
flask and make volume up to approximately 150 ml with distilled water. Boil to remove 
chlorine, then add 5 mi or cone, hydrochloric acid and cool. Add 10 ml potassium iodide 
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(10 per cent) and titrate with 0.1 N sodium thiosulfate until the yellow color has almost 
disappeared; add starch indicator and titrate to the end point. In the case of chrome 
leathers, weigh out. 1.5 to 2.0 grams (depending upon 0r 2 0 3 content) of sample into a 325-ml 
Erlenmeyer flask. Add 20 ml perchloric acid (70-72 per cent), cover with a funnel, and 
heat moderately on a hot plate When the chrome is oxidized, remove from hot plate 
and cool. Wash down any unoxidized chrome with distilled water and heat until white 
fumes appear. Cool and transfer to a 500-ml Erlenmeyer flask and dilute to about 150 ml. 
Boil to remove chlorine, adti 5 ml of cone, hydrochloric acid and cool. Titrate for chrome 
as under chrome liquors. 

It should be carefully noted that perchloric acid may not be safely used 
in the case of leathers containing appreciable amounts of easily oxidizable 
fatty or other organic material, since explosions may occur in such cases. 
This danger may be entirely obviated, however, by previously ext racting the 
fatty matters, by ashing the leather, or by previous oxidation by means of 
nitric acid as described by Mcrtz. 60 

A cid Groups. Methods for determining acid groups vary with the material 
to be analyzed and the constants which are sought. Thus, in the case of a 
chrome liquor one may wish to determine any, or all, of the following possible 
acid radicals: total acid, free acid, acid complexly hold (that is, inside the 
chrome complex), acid ionically bound to the chrome complex, and also the 
acid radical bound to an inorganic base, or in other words the neutral salt 
or salts present; in the case of chrome leather: total acid, acid complexly and 
ionically bound to the fixed chrome, protein-bound acid and, finally, that 
acid radical contained in any neutral salt, present, in the leather. The acid 
radicals in question may be only sulfate or chloride, or there may be others 
and particularly in the ease of tannage with glucose-reduced liquors or where 
“masking” salts such as formate, acetate or oxalate, have been employed in 
the pickle or have been added to the chrome liquor. 

Considering chrome liquors first, the total acid present is usually deter¬ 
mined by boiling titration with O.bN sodium hydroxide, using phenolphthaloin 
as indicator; this is the official method of the American Leather Chemists 
Association. This method is fairly satisfactory and accurate but not entirely 
so; this is because a small amount of acid radical is usually occluded by the 
precipitated chrome and is not titrated. Several methods have been sug¬ 
gested for differentiating the distribution of the total acid radical and these 
methods will now be discussed. The subject has been especially investigated 
by Schindler and Klanfer, 72 by Stiasny and his co-workers, 76 by Ackermann 1 
and by Atkin and Chollet.® All these .studies relate more particularly to basic 
chrome sulfate liquors. 

Sulfuric acid differentiation methods have been conveniently summarized 
by Atkin and Thompson, 4 as follows. There are four types of SO4 groups to 
be determined: (a) groups complexly held by the chrome, (b) groups ionically 
held by the chrome, (c) ionic groups in the free sulfuric acid formed by hydrol¬ 
ysis and, (d) ionic groups resulting from sodium sulfate or other netural 
sulfates present. The sum of (a) + (b) ~fi (c) is obtained by hot titration. 
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The neutral SO 4 , (d), is determined by filtering the solution obtained in the 
hot titration and washing the precipitated chrome. The filtrate and wash¬ 
ings are combined, are evaporated to proper volume, and the total S0 4 radical 
present is determined by means of benzidine (hydrochloric acid method) 
whereby all S0 4 radical, that is, (a) 4 (b) 4- (c) -f (d), is obtained. The 
difference between this value and the sum of (a) 4* (b) -f (c) equals the 
neutral salt S0 4 , or (d). (We have found that in the case of liquors contain¬ 
ing no neutral salt other than sodium sulfate, more accurate results are 
obtained by determining sodium and calculating neutral S0 4 therefrom.) 
Value (c) is obtained by electrometric determination of the pH value of a 0.1 
per cent chromium solution of the liquor, freshly prepared with cold distilled 
water. It is assumed that if the pH value found is 3.3, or greater, there is no 
free sulfuric acid present and that (c) is therefore zero. But if the value is 
lower than 3.3 the solution is eleclrometrically titrated with 0.1 A NaOTI to 
3.3. The number of ml alkali required is a measure of (c). 

Atkin and Thompson state the pH value in the absence of free sulfuric 
acid to be 3.3, as noted above. Stiasny, ori the other hand, gives a value of 
2.8. (And our experience has shown that- the pH value of a zero basic chrome 
sulfate, at a dilution of 0.1 per cent, chromium is approximately 2.8 at equilib¬ 
rium.) The value of ionic sulfate, (b), is determined as follows: a benzidine 
sulfate determination is made on the freshly dissolved cold solution of the 
chrome liquor, and this is a measure of (b) 4 (c) 4- (d). We already know 
the value of (c) and (d) and arc thus in position to calculate (b). Value (a), 
the non-ionic sulfate in the chrome complex, may be obtained by difference. 
Atkin and Thompson stress that the scheme detailed above is for sulfates 
only and does not apply to liquors containing organic-acid radicals. We 
shall now discuss methods for determining organic radicals in chrome liquors. 

In 1937 Theis and Weidner 88 studied the organic by-products of sugar 
reduction of bichromate and suggested the following methods for their estima¬ 
tion. (1) Carbon dioxide is determined by passing the gases evolved during 
reduction into caustic soda solution. Barium chloride is then added to a 
portion of the solution; the excess NaOH is then titrated using phenol- 
phtlmlein as indicator; methyl orange is added and the barium carbonate 
titrated. This method does not, of course, include carbon dioxide remaining 
in the chrome liquor. (2) Oxalic acid is determined as follows: excess of sodium 
acetate is added to the chrome liquor on the assumption that the acetate 
radicals will replace complexly held oxalate radicals. The solution is slightly 
acidified with acetic acid and excess calcium chloride is added. Calcium 
sulfate precipitates first, followed by calcium oxalate. The solution is 
properly filtered, the precipitate dissolved in 2 N ITSO* and titrated hot with 
RMn0 4 . The oxalic value obtained may include both mono- and other 
dicarboxylic acids. (3) Formic acid is determined by steam distillation of the 
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acidified chrome liquor into boiling BaCO», estimating the formic acid by 
Finch's method; that is, by reducing mercuric chloride to the mercurous state. 
(4) Acetic acid and other volatile acids (in addition to formic) are determined 
by steam distillation of part of the distillate from (3) into 0.1 A NaOH after 
having first oxidized the formic acid by warming with mercurous oxide. 

Burton and Taylor recently suggested the following method for deter¬ 
mining all organic radicals present in glucose-reduced liquors. Total acid 
groups are determined by hot titration with NaOH, and the total sulfate by 
benzidine titration. Organic radicals are determined by exactly neutralizing 
with NaOH, then evaporating and heating to convert organic radicals to 
carbonate, which is then titrated. This method does not differentiate the type 
of organic radical, nor is it applicable to liquors to which masking salts have 
been added. In 1920, Thomas" suggested the determination of acid sulfate 
in chrome sulfate liquors by conductometric titration with barium hydroxide. 
This method yielded results which were practically identical with those 
obtained by gravimetric means. They indicated that results obtained by hot 
titration were too low, due to absorption of sulfate radical by the precipitated 
chrome. Shuttleworth 74 has suggested a conductometric method of differ¬ 
entiating and estimating the various radicals present in different types of 
chrome liquors. This method has been investigated by Burton and Taylor, 10 
who found that the value of neutral salts thus determined is too low, as is also 
the basicity of the liquor. It must be borne in mind that the great dilution 
of chrome liquor necessary for accurate conductometric measurements may 
bring about changes in the position of its acid radicals. 

Accurate knowledge of the distribution of arid radicals in chrome leather 
is of importance. But our knowledge of this subject is in not very satis¬ 
factory shape, as we shall see. This is because adequate analytical methods 
are lacking. Early investigators recognized that there are three possible 
types of acid combination in chrome leather: acid combined with the hide 
substance, termed “protein bound," acid complexly bound to the fixed chrome 
and acid ionically bound to the fixed chrome. 

In 1920 Thomas suggested a method for determining total sulfate groups 
in leather and this method has long been the official method of the American 
Leather Chemists Association; it is as follows: One gram of ground leather is 
heated in a bath of boiling water for two hours with 200 ml 0.1M potassium 
or sodium di-hydrogen phosphate. The flask is then removed and cooled to 
room temperature and the contents are made up to volume with distilled 
water. An aliquot portion is then treated with hydrochloric acid and barium 
chloride. After standing for three hours it is filtered and the precipitate is 
well washed with hot water; it is then ignited and weighed and the per cent 
sulfate calculated. In order to determine neutral sulfate (derived from 
Sodium sulfate present) the procedure noted above is repeated with a duplicate 
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leather sample, except that water is used instead of the phosphate solution, 
an aliquot portion being titrated with 0.1 A sodium hydroxide with methyl 
orange or parariiitrophenol; and this value is deducted from the total sulfate 
precipitated in the water extract. In this way any hydrolyzed acid sulfate 
is not included as neutral. The difference between the two values thus 
obtained is the total acid sulfate. This useful method tells us nothing about 
the manner in which the acid sulfate is distributed in the leather. When 
great accuracy is necessary, the sodium content of the leather should be 
determined and the neutral sulfate calculated therefrom, the sodium present 
in the skin substance used in making the leather in question having been 
determined and deducted. 

Riess and Papayarmis 68 have suggested the following method for deter¬ 
mining all the acid groups present in chrome leather, including all acid 
radicals present in addition to sulfate or chloride. The ground leather (2.5 
grams dry matter) is heated for one hour at 60° on a water bath in a flask 
containing 50 ml 0.1 A ammonia and fitted with a reflux condenser, closed 
with a soda lime tube. The solution is then filtered into a measured quantity 
of 0.1 N HC1; the leather is washed with water at 00 ° and finally with boiling 
water and filtrate and washings are mixed. A control solution is prepared 
containing the same amount of N HC1 and of the same volume as the combined 
filtrate and washings, but with the leather omitted. Five ml. of 40 per cent 
formaldehyde are now added to each of the two solutions. They are then 
titrated with 0.1 or 0 . 2 A NaOH. The difference in the titration value of the 
two solutions is a measure of the total acid groups in the leather. It will be 
understood that any ammonium salts present in the leather will be deter¬ 
mined as acid. Different acid radicals may be identified and determined in 
the combined filtrate and washings described above. If the leather contains 
oxalate groups there will be a deehroming action due to ammonium oxalate. 
In such case part of the combined ammoniacal extract and wash waters may be 
oxidized with Na 2 0 2 , acidified with acetic acid and treated with CaCl 2 by 
boiling. The precipitated calcium oxalate is filtered off and is then dissolved 
in H 2 SO 4 and titrated with KM11O4. 

In 192G 18 Gustavson posed the following question: “Does the combined 
acid, obtained upon analysis of the leather, exist in direct combination with 
the skin protein or is a part of the total amount of the analytically obtained 
acidity present in a chrome complex?” He then went 011 to suggest that if 
the bound acid was divided between protein and chrome, it was to be expected 
that the hydrolysis rate of the two forms would be quite different. The 
experiments he then performed proved this to be true. Pieces of delimed 
calf skin were pickled with H 2 S0 4 and Na 2 S0 4 to contain respectively 3.6G 
and 3.14 per cent H 2 SG 4 combined with the collagen. Corresponding pieces 
of this pickled stock were then tanned with basic chrome sulfate. After 
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tanning and washing to remove unfixed chrome and unfixed acid, they con¬ 
tained 7.52 and 5.88 per cent fixed Cr 2 0 3 and 6.19 and 5.53 per cent total 
fixed H2SO4, respectively, all based on collagen. The basicities of the two 
leathers were thus 57.50 and 51.30 per cent. Portions of the two pickled 
specimens and of their corresponding leathers were then placed in bottles 
containing distilled water, each bottle containing the equivalent of two grams 
of material on collagen basis and 300 ml water. The four bottles were rotated 
for 48 hours and the hydrolyzed and diffused acid in the external solution 
was neutralized at frequent intervals with O.LV NaOH, using methyl orange 
as indicator. At the end of 48 hours' agitation both pickled specimens had 
given up all their combined acid. The two leather specimens—which had 
received the same 48-hour neutralizing treatment as the pickled specimens— 
contained, however, 4.92 and 3.73 per cent II2SO4. Gustavson reasoned that, 
since all the protein-bound acid of the pickled specimens had been removed 
during the 48-hour treatment, that which remained in the leather could only 
be chrome-bound. And it is important to note that the basicities of the 
leathers containing chrome-bound acid only were 66.2 and 67.2 per cent, 
respectively. 

The method just described is termed the “neutralization method." Mer¬ 
rill, Niedercom and Quarck 66 have repeated and extended Gustavson’s experi¬ 
ments; they found that chrome-bound acid is appreciably hydrolyzed during 
the early hours of neutralization and that therefore no exact differentiation 
of the two types of bound acid is possible. But they concluded that, with 
slight modification of Gustav son's experimental procedures, the method was 
sufficiently accurate to be useful. And we would add that, with all its 
limitations, this method is the soundest that has been suggested for differ¬ 
entiating protein-bound and total chrome-bound acid in chrome leather. 
It does not differentiate complex and ionic chrome-bound acid. 

Since the neutralization method described above is time-consuming, 
Gustavson 39 later suggested shaking the leather for a given period in a solu¬ 
tion of pyridine, whereby all protein-bound acid is assumed to be removed. 
The leather thus treated is then washed with distilled water to remove neutral 
sulfate, and the sulfate remaining in the leather is determined and assumed 
to be chrome-bound. But Merrill, Niedercom and Quark 56 found that this 
method yielded values for chromium-bound sulfate that were much too low. 
And they showed that the amount of chrome-bound acid determined by the 
method depended upon the total acid sulfate content of the leather, regardless 
of the state of its combination. 

In 1934 Kuntzcl, Ricss, Papayannis and Vogel 42 suggested the following 
method for differentiating the various sulfate or chloride radicals present in 
leather tanned with basic chromium sulfate or chloride liquors. Total acid 
present in the leather (a) was determined by means of the formaldehyde- 
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ammonia method described above. Protein-bound acid (b) was determined 
by soaking such an amount of ground leather (which had been dried and aged 
for eight days) as would contain 2.0 grams hide substance in 25 ml of distilled 
water for 0.5 hour; 25 ml 0.2iV HC1 was then added and the mixture was 
shaken for one hour at room temperature. The mixture was then filtered and 
an aliquot portion was titrated to pH 5.5 for residual acid using a mixture of 
methyl red and methylene blue as indicator, the amount of acid absorbed by 
the leather being determined by difference. Acid absorption was determined 
for untanned hide powder using the same method, and was found to be 0.927 
milliequivalent per gram hide substance. Deducting the amount of acid 
which the leather bound from this value of 0.927 (assumed to be the maximum 
acid-combining capacity of hide substance) was assumed to give the protein- 
bound acid value of the leather. It was further assumed that the eight-day 
aging given the leather prevented any reaction between the fixed chrome it 
contained and the acid with which the leather was treated. Acid ionieally 
held by the fixed chrome (c) was determined by means of a modified pyridine 
extraction; hence it was assumed that ionieally bound and protein-bound acid 
were simultaneously secured. Deducting the value obtained above for (b) 
yielded (c). The sum of (b) and (c) deducted from (a) yielded the complexly 
bound acid (d). Employing this method these authors found that leather 
tanned with either basic sulfate or basic chloride contained practically no 
ionieally bound acid, substantially all the chrome-held acid being complexly 
bound. From these results they contend that the chrome complex in such 
chrome leathers is neutral in character. They mention having thoroughly 
washed with water the leathers in question before analysis, but evidently did 
not consider or determine what effect such rapid hydrolysis undoubtedly had 
upon the original acid distribution in the leather. 

The above method has not proved to be very satisfactory in practice. 
Possibly this is due to the following obvious objections: the assumed maximum 
acid-combining power of the hide powder is much too low; combined acid was 
secured by the inaccurate “by difference” method which does not differentiate 
acid chemically fixed from that merely mechanically bound, and it is necessary 
to age the examined leather since otherwise acid rapidly combines with freshly 
fixed chrome. No insight is thus obtained as to the distribution of acid groups 
in the original, unaged leather. 

In attempting to sum up the subject of determining the manner in which 
acid radicals are distributed in chrome leather it must be kept in mind we are 
dealing with an equilibrium between the various types described herein. We 
cannot be sure that the results we obtain, after disturbing the equilibrium, 
are representative of the oidginal condition. For this reason it may be that 
no completely satisfactory method is possible. 
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Determination of Olation Degree. In 1932 Stiasny and Konigfeld 80 
suggested the following method for determining the olation degree of basic 
chrome sulfates and chlorides. It is assumed that the dated Oil groups in 
these compounds are not easily titrated in the cold with acid, whereas all OH 
groups are made available for titration if the liquor is dc-olated by boiling 
under reflux for one hour with acid. Back titration of the excess, unused 
acid in the two cases permits calculation of the percentage of the total OH 
groups present which were olated. These authors recommended employing 
50 ml of a 0.1 per cent Or solution in each case and 25 ml 0.1 N HOI. A special 
indicator is recommended and titration is carried to an end point of pH 2.8, 
the pH value of a 0.1 per cent zero basic chromic chloride. In the case of the 
basic chrome sulfate, a greater quantity of 0.1.V Il( '1 must be added for defla¬ 
tion ; this is due to the strong tendency of the sulfates to olate when heated, 
and hence the need for a great excess of added acid. In view of this, Stiasny 
and Konigfeld suggest that when dealing with sulfates the boiling be dispensed 
with and the total OH groups be calculated from the basicity of the liquor. 
(This latter method would not be generally applicable in the presence of 
organic chrome compounds or buffer substances.) Shortly before the publi¬ 
cation of the method of Stiasny and Konigfeld just described, Fasol and 
Ubcrbaclier 16 suggested the determination of olation degree by means of 
conductometric titration. In 1934, Theis and Serf ass 89 made extensive 
studies of the phenomena of olation, employing conductometric methods, 
described by them as follows. The liquor to be analyzed is diluted to approxi¬ 
mately 0.1 per cent chromium. To 50 ml of tin's dilution add 30 ml 0.1.V 
HCl and the resulting solution is titrated immediately with Q.liV NaOll by 
the conductance method. The degree of olation of the sample may then be 
calculated from the usual formula. The sample is not titrated to pH 2.8, 
as in the method of Stiasny and Konigfeld, but to a “kink” point of the con¬ 
ductance curve. Serious discrepancies in results were obtained by these 
authors in attempting to apply the titration methods of Stiasny and Konigfeld, 
even when the glass electrode was substituted for the indicator which had been 
recommended. Riess 69 has also found the method of Stiasny and Konigfeld 
to yield erroneous results, but obtained essentially similar olation values by 
both potentiometric and conductometric titrations. However, from all the 
available evidence, including the studies of Fasol and ttberbacher, Theis and 
Serfass, Riess, and Perkins and Thomas, 66 it would appear that the con¬ 
ductometric method yields the most accuiate and reproducible results. 

Hide Substance for Tanning Experiments. A large proportion of pub¬ 
lished experimental tanning studies has been made with Hide powder. This 
material is easily obtained, is very uniform in composition and physical state 
and, for certain purposes, is entirely satisfactory. For many experimental 
purposes it is, however, unsatisfactory. This is because it has entirely lost 
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ihe original physical structure of the hide or skin from which it is ground. As 
i result, experimental studies with hide powder may bear little or no relation 
Lo the actual processes of the tannery; and it is just these processes which 
leather chemistry attempts to explain. On the other hand, experimental 
pieces cut from occasional hides or skins may not be uniform from one skin 
to another, nor, indeed, from different area locations of the same skin. In 
view of this, and in order to obtain material of constantly uniform chemical 
composition and physical state, and which will be typical of the skin in actual 
tanning processes, McLaughlin, Cameron and Adams 50 have suggested the 
following. Whole, bated calf skins (or goat skins) are brought to a pll value 
of 5.0 by the slow addition of small portions of hydrochloric acid and are then 
washed free of neutral salts, when they show a pH value of about 0.5. They 
a,re then cut into strips 0.5 inch wide and are placed in frequently changed 
dry acetone until thoroughly dehydrated. The acetone is allowed to evapo¬ 
rate and the now dry strips (containing 10-12 per cent moisture) may be cut 
mto pieces of convenient size and the pieces from the entire lot are then well 
mixed. We have found pieces 0.5 inch X 0.5 inch to be admirably suited for 
experimental sttidies. 

Removing Uncombined Matters from Leather. When hide substance is 
tanned in solutions of chromium compounds and is then removed from the 
tan liquor, it contains both combined and uncombined chrome and both com¬ 
bined and uncombined acid. If we desire to determine the fixed chrome only, 
and are not concerned with the basicity of the leather, we can remove all 
uncombined matters by simply washing the leather in cool running distilled 
water for 48 hours. The fixed chrome is unaffected by such washing*-in 
fact, it becomes increasingly insoluble. This method of removing uncombined 
chrome is entirely satisfactory and reproducible for leather tanned in all of the 
usually employed chrome liquor concentrations. But it is not satisfactory 
in the case of leathers tanned in highly concentrated chrome liquors; washing 
such leathers brings about an artificial deposition ol chrome in the leather, 
due to the rapid hydrolysis of the uncombined chrome liquor inside the leather 
when brought into contact with water. This subject will be further discussed 
at the end of this section. 

If we wish to determine accurately the basicity of leather at completion 
of tannage, means other than washing must be employed. This is because 
the combined acid (both proteiri-bound and chrome-bound) will obviously 
be rapidly hydrolyzed and removed by contact, with water. The problem, 
therefore, is to remove completely all uncombined chrome and all uncombined 
acid, leaving the combined chrome and combined acid, both protein- and 
chrome-bound, intact and undisturbed. Early workers were forced to adopt 
compromise methods for removing unfixed chrome and unfixed acid. They 
did this by giving the leather a short wash in water, hoping that such abbre- 
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viated washing would remove all uncombincd matter without greatly changing 
the value of combined acid. But as Gustavson 18 and also McLaughlin and 
Adams 61 have shown, even a short water wash removes very appreciable 
amounts of combined acid and thus renders inaccurate any leather basicities 
so obtained. In view of this condition, Cameron, McLaughlin, and Adams 12 
devised the pressing method as follows. 

The tanned and drained skin squares are pressed twice in a hydraulic 
press at sufficient pressure to remove all uncombined matters. The ordinary 
laboratory type of hydraulic press is satisfactory. The squares are placed 
in a single layer upon, and between, 0.125-inch stainless steel plates of the 
proper size to fit the press platen, blotting paper having been introduced 
beneath and above the wet leather to absorb the expressed liquid. The 
press is then brought to the required pressure and held there for one minute. 
The plates are then removed; the pressed leather specimens are withdrawn, 
placed between fresh blotting paper between the steel plates, and are again 
pressed for one minute. The pressure required for removing all uncombined 
matters should be determined for the leather material under examination. 
It must be remembered that the actual pressure exerted varies with the 
number of square inches of material being pressed; thus the press gauge may 
read 5000 lbs, but if two square inches of leather are in the press the actual 
pressure exerted per square inch will be only 2500 lbs. There is a wide range 
of pressures which are effective for removing the uncombined chrome and 
acid in wet chrome leather. Thus McLaughlin and Adams 61 have found 
that leather which contained 10.50 per cent Oi’sCh after pressing at 10,000 lbs 
showed 16.54 at 5000; 10.57 at 2500; 10.00 at 1250; 10.85 at 025 and 16.80 
per cent at 312 lbs. Many experiments have shown that a pressure of 5000 
lbs is ample for the complete removal of uncombined chrome and acid. This 
statement refers to leather tanned in ordinary chrome liquor concentrations. 
When excessively concentrated liquors are employed, pressures of even 10,000 
lbs are unable to remove completely all uncombined matter. In such special 
cases we are, as yet, unable to derive leather basicities of unquestioned 
accuracy. We can, however, obtain reasonably accurate figures for fixed 
chrome by employing a combination of pressing and washing as described and 
discussed on page 453. 

Basicity Inaccuracies Induced by Washing Leather. We have just 
stated that even a short water washing of chrome-tanned hide substance 
removes combined acid and renders inaccurate any leather basicities so 
derived. Gustavson 18 demonstrated that this statement is true, in the case 
of leather, by the following experiment. He secured specimens of two 
different lots of calf skin leather taken from the tannery and which had been 
well washed prior to sampling; such preliminary washing had, of course, 
removed a large portion of their combined acid, but enough remained to 
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illustrate the point under discussion. The leather was then cut into 1.0-mm 
squares and samples equal to two grams collagen were weighed into 500-ml 
flasks and 300 ml of distilled water added. The flasks were then rotated 
for 48 hours at room temperature and the hydrolyzed combined sulfuric 
acid in the water was neutralized at frequent intervals. The results are shown 
in Table 174. 


Table 174 


Hours 

Basicity of 

Basicity < 

Washed 

Leather No. 1 

Leather Nt 

0.0 

57.50 

51.30 

0.5 

60.20 

55.60 

1.0 

61.20 

57.90 

2,0 

61.90 

59.30 

3.0 

62.40 

60.50 

6.0 

63.10 

61.80 

0.0 

63.80 

62.50 

24.0 

64.80 

63.60 

28.0 

65.50 

64.90 

32.0 

65.90 

66.20 

48.0 

66.20 

67.20 


McLaughlin and Adams 51 have determined the effect of washing chrome- 
tanned hide powder upon its basicity. They tanned powder for 48 hours at 
90° F and with constant agitation and in a 31.0 per cent basic chrome sulfate 
liquor which contained no neutral salts or organic acid. At the end of tannage 
the excess liquor was drained from the tanned powder, which was then placed 
in a cloth bag and pressed twice at 5000 pounds to remove all unfixed chrome 
and acid. (The pressed tanned powder contained 8.80 per cent fixed chrome 
on hide substance basis and showed a basicity of 31.0 per cent.) Ten gram 
portions of the pressed (undried) tanned powder were then spread on Buchner 
funnels and were washed with distilled water; the rate of washing was such 
that 83.3 ml of water passed over the powder per minute. Two different 
washing temperatures were employed; one series received water at 25° and 
the other series was washed at 70°. The results are shown in Table 175. 


Table 175 


Minutes 

Ml water 

•"--Leather Basicity washed at—v 

washed 

used 

25° 

70° 

0 

0 

31.0 

31.0 

15 

1,250 

39.5 

40.6 

30 

2,500 

40.4 

43.0 

60 

5,000 

43 6 

48.1 

120 

10,000 

46.2 

55.2 

240 

20,000 

49.8 

60.8 


It is obvious from the results shown in Tables 174 and 175 that any 
basicities determined in washed leathers do not represent their true basicities 
at completion of tannage. 
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The accuracy, as well as the limitations, of the pressing method are 
illustrated in Table 177. 

Tanning to Equilibrium. Many arguments in chrome-tanning theory 
have resulted from the fact that tanning experiments have not always been 
carried to equilibrium. Thus if duplicate chrome solutions are employed in 
tanning, but if in one case the tanning is performed for 24 hours at room 
temperature and in another for 48 hours at, say 90° F, entirely different leather 
results may be expected. That is, the amount of chrome fixed and the basicity 
of the leather in the two cases will probably show great differences, which 
will merely reflect the fact that in one case equilibrium was not approached 
but may have been reached in the other. It is not possible to state any 
set rule of tanning time; this will vary as a function of temperature and with 
the nature and concentration of the tan solution. But we have repeatedly 
found that final equilibrium is reached, at least in the case of all basic chrome 
sulfates of more than zero basicity, when the basicity of the leather becomes 
the same as the overall basicity of the tanning solution employed, including, 
of course, any and all pickle acid which may be present. Only negligible 
quantities of additional chrome will be fixed if tanning is extended beyond 
this point. In most cases tanning equilibrium is attained with continuous 
agitation at 19 rpm (the approximate speed of tannery drums) for 48 hours 
and at 90° F. 

It is, of course, understood that in the case of practical operations in the 
tannery, leather is usually not tanned to the equilibrium state described 
above. 

Having considered the various experimental methods involved in the 
study of chrome tanning, we shall now describe the experimental investigations 
upon which our knowledge of chrome tanning is based. 

The Effect of Temperature in Chrome Tanning 

As would be expected, the temperature at which chrome tanning is 
performed is of importance in both practice and theory. In practical tanning 
the skins are tumbled in a drum with a volume of liquor which is usually too 
small to cover and float the skins; for this reason the skins are subjected to a 
pounding action, and the resulting friction causes the temperature of both 
skins and liquor to rise. Or, if a neutralizing agent such as sodium bicar¬ 
bonate is added to the drum, the heat of its neutralization will heighten the 
drum temperature. As the drum temperature rises, the rate of tanning in¬ 
creases, the composition of the chrome compounds present may change, and 
the character of the leather produced may be considerably affected. For 
these reasons, the chrome tanner endeavors to maintain uniform tanning 
temperatures. Laboratory chrome-tanning experiments arc equally sensitive 
to temperature. 
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In 1929, Merrill and Schroeder 67 tanned strips of pickled calf skin with a 
commercial basic chrome extract at varying temperatures. This was done 
by placing skin and liquor in large bottles which were immersed in thermostat¬ 
ically controlled water baths in which the temperature was maintained at 
10°, 20°, 30°, 40° and 50°C, respectively. The jars were not constantly 
agitated but were stirred by hand at 15-minute intervals during the first 8 
hours of tannage and three times a day thereafter. At the end of the various 
tanning periods studied, the strips were removed, washed for one hour in 
running tap water to remove uncombined matters, and then dried and ana¬ 
lyzed. The effect of temperature upon chrome fixation may be judged 
by comparing the fixations at the end of 50 hours, as found by Merrill and 
Schroeder. The percentages of O 2 O 3 fixed on hide substance basis were: 
8.5 per cent at 10 °, 9.5 at 20°, 12.0 at 30°, l3\5 at 40° and 15.0 at 50°. As 
has been noted, these authors did not continuously agitate their tanning 
systems. But McLaughlin and Adams, in an unpublished investigation, 
repeated- -with constant agitation--the experiments of Merrill and Schroeder, 
employing unpickled skin squares. They find that while the percentages 
of chrome fixation arc higher, as would be expected with constant agitation, 
the relative effects of temperature found by Merrill and Schroeder are correct. 

Otin and Alexa.have also studied the influence of temperature upon 
chrome fixation, employing hide powder, and have found such effects to be 
large. But their investigations are of less significance because chrome fixa¬ 
tions were obtained “by difference”; that is, they were calculated from 
analysis of the exhaust liquors and not from analysis of the tanned powders. 

The Effect of Liquor Concentration in Chrome Tanning 

One of the phases of chrome tanning to be first investigated was the effect 
of chrome liquor concentration upon the amount of chrome fixed by hide 
substance. In 1919, Baldwin 6 tanned hide powder with liquors of increasing 
concentration of a 35.0 per cent basic commercial chrome sulfate. Fixations 
of chrome steadily increased until a liquor concentration of 25.0 grams 
Cr* 2 0 3 per liter was exceeded, when a sharp drop in fixation occurred. A 
similar drop in fixation was found by Thomas and Kelly 100 and also by 
Gustavson and Widen , 20 all of whom employed hide powder and basic chrome 
sulfate liquors. The point of liquor concentration at which decreased fixation 
was found varied as a function of the liquor basicity. These authors variously 
explained the drops in fixations noted as possibly due to increases in the 
hydrogen ion concentration of the chrome liquors, to chemical changes 
induced in the hide substance being tanned, and also to chemical change 
induced in the basic chrome complex. 

In 1934, Kuntzel, Ivinzer and Stiasny 43 suggested that the drop in chrome 
fixations found was caused by the increasing concentration of sodium sulfate 
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present in the liquors which Thomas and Kelly and Gustavson and Widen 
had employed. That is, the amount of sodium sulfate increased more rapidly 
than did the free acid of the liquor. As a result, the hide substance was 
thus subjected to a shrinking action and this shrunken condition was presumed 
to impede the diffusion of the chrome liquor into the hide substance, thus 
explaining the drop in chrome fixation. The experiments of Klintzel, Kinzer 
and Stiasny, dealing with the neutral salt effect in chrome tanning, have teen 
described and discussed on pages 462 to 463. The more recent studies of 
McLaughlin and Adams on the chrome fixation inhibiting effect of sodium 
sulfate are described in the same section. 

In 1934, McLaughlin, Cameron and Adams 50 studied chrome fixation as a 
function of liquor concentration. They employed the skin squares already 
described and also whole pickled calf skins. The tanning materials used were 
basic chrome sulfate (both sodium sulfate-free and that containing the sodium 
sulfate formed by reducing sodium bichromate with glucose), chrome alum 
and basic chrome chloride. Since the results of these various experiments 
were essentially similar as to the function of chrome concentration, we shall 
describe only those in which 25 grams of skin squares were tanned in 250 ml 
of the various chrome sulfate liquors for 18 hours at 90° F and with constant 
agitation. At the end of tanning, the specimens were washed for 48 hours 
with running water and were dried and analyzed. The results are shown in 
Table 176, where all percentages are based on hide substance. 


Table 176 


.-2 8% Basic 

CrsOs 

Liquor- 

0,0 s 

given (%) 

fixed (%) 

4.22 

3.82 

6.32 

4.52 

8.45 

4.87 

10.55 

5 12 

12.63 

5.42 

14.77 

5.62 

16.85 

5.66 

18.95 

5.75 

21.10 

5.82 


--—36 7% Basic Liquor- 


0*0 a 

0*0 3 

given (%) 

fixed (%) 

9.30 

7.98 

10.36 

8.58 

11.39 

9.22 

12.41 

9.64 

13.44 

9.83 

14.50 

10.16 

16.55 

10.58 

18.65 

10.98 

20.70 

11.32 

22.80 

11.61 


--17 6% Basie Liquor-* 


0,0* 

0,0* 

given (%) 

fixed (%) 

6.36 

5.21 

8.45 

6.00 

10.58 

6.49 

12.67 

6.94 

14.81 

7.23 

16.90 

7.40 

19.04 

7.76 

21.12 

7.90 

23.28 

8.22 


-46.0% Basie Liquor—- 

o,o 8 

0,0, 

given (%) 

fixed (%) 

9.30 

8.75 

10.33 

9.61 

11.35 

9.76 

12.37 

10.75 

13.35 

11.50 

14.47 

11.75 

16.51 

12.45 

18.56 

13.29 

20.66 

13.65 

22.70 

13.86 

24.76 

13.99 
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These authors then pointed out that if the fixed chrome values noted in 
the table were plotted as ordinates and the unfixed chrome values as abscissae, 
the typically parabolic curves shown in Figure 144 were obtained, and that 
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plotting the logarithms of these values yielded the straight lines shown in 
Figure 145. It will be noted from Table 170 that the highest Cr 2 0 3 concen¬ 
tration employed was 24.70 grams per liter, and it may be objected that the 
straight-line function shown may not apply in the case of higher concentrations. 


Liquor of the Basicities Indicated. 
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Figure 145. Dehydrated Skin Tanned with Glucose Reduced Basic Chrome Sulfate Liquor of the Basicities Indicated. 
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We have therefore recalculated the values of the very extensive concentration 
experiments of Gustavson and Widen, referred to above. Their fixation 
results also give straight linos in every case, that is, up to the point of decreas¬ 
ing chrome fixations, i,c up to 75.00 grams Cr 2 0 :} per liter of a 35.0 per cent 
basic chrome sulfate. 

In order to ascertain whether any drop in chrome fixation occurs as a 
function of liquor concentration when a neutral salt and organic acid free 
liquor is employed, McLaughlin and Adams 51 recently tanned skin squares 
with liquors ranging from 10.0 to 150.0 grams O 2 O 3 per liter. The descrip¬ 
tion of the preparation of the 42.5 per cent basic chrome sulfate liquor which 
was employed is given on page 406. Thirty grains of skin squares were 
tanned in 300 ml of the various concentrations for 48 hours at 90° F and with 
constant agitation at 19 rpm. Tanning equilibrium was reached in this 
period. They were then removed and divided into three 10 . 0 -gram portions, 
which were treated as follows. One portion was pressed twice at 5000 
pounds, the second portion was washed in running water at 70° F for 48 hours, 
and the third portion was pressed twice at 5000 pounds and then immediately 
washed in running water for 48 hours at 70° F. All the samples were then 
air-dried at room temperature and were ground and analyzed. The results 
are shown in Table 177, where all percentages are based on hide substance. 


Tabic 177 


(’nOa 
Given (%) 

Liquor 

Basicity 

P refined 

-Per cent CrOa lixed 

W ashed 

Pressed 
und Washed 

Basicity of 
Pressed 
Leather 

10.00 

42.50 

9 36 

9.46 

9.08 

41.70 

15.00 

42.50 

12 06 

12.18 

12.10 

43.10 

20.00 

42 50 

14.26 

34.45 

14.25 

43.30 

25.00 

42.50 

15.62 

15.74 

15 30 

42.90 

30.00 

42 50 

16.99 

17.10 

16.00 

42.80 

35 00 

42.50 

18.70 

18.10 

17.09 

42.80 

10.00 

42.50 

19.48 

18.36 

17.80 

41.70 

45.00 

42.50 

20.40 

19.36 

17.87 

44.00 

50.00 

42 50 

21.27 

19.45 

18.45 

41.80 

60.00 

42.50 

22.26 

19.40 

38.66 

40.80 

70.00 

42.50 

22.90 

19.28 



80.00 

42.50 

23.83 

19.45 



90.00 

42 50 


20 00 



100.00 

42 50 

25 55 




150.00 

42.50 

25.80 

19.83 

19 00 


The 

results shown in 

Table 177 are illustrated in 

Figure 146, 

It will be 


noted from the table and figure that when hide substance is tanned to equilib¬ 
rium with a liquor which contains no neutral salts or organic acid there are 
no drops in the fixation curves. Chrome fixations up to and including 25.00 


per cent Cr 2 Oj given show practically identical values, whether uncombined 
matters are removed by pressing, by washing or by pressing and washing. 
But when 30.00 per cent or more chrome is given, fictitious fixation values 
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result; that is, pressing at 5000 pounds does not completely remove the 
unfixed chrome, and washing causes the unfixed strong liquor to hydrolyze 
and to deposit chrome. In such cases, it is therefore best to first press the 
leather and then wash it. When this latter procedure is followed, we note 
that the fixation curve flattens out, starting at 50.00 per cent O12O3 given. 
McLaughlin and Adams have explained this phenomenon as follows. The 
collagen must remove acid from the diffused chrome liquor until the chrome 
reaches a basicity of 06.7 per cent, at which point insoluble chrome is deposited 
and tannage results. Bringing 1.00 gram Cr 2 0 3 from its original (liquor) 



basicity of 42.5 to GO.7 per cent basic requires the removal, by the collagen, 
of 0.46 gram of acid sulfate. Multiplying 0.46 by 18.50 (grams Cr 2 0 3 fixed 
when the pressed and washed curve flattens out) equals 8.51 grams of acid 
sulfate to be fixed by 100.00 grams of collagen. The approximate maximum 
acid-combining capacity of the collagen has thus been reached; the collagen 
is unable to fix any more acid and, consequently, cannot fix more chrome. 

Referring to Table 177, it is seen that the basicity of the pressed leather 
is very approximately that of the chrome liquor in which it was tanned. 
When the logarithms of fixed Cr 2 0 3 are plotted against the logarithms of 
unfixed Cr 2 0 3 , straight lines are derived for the pressing experiment up to and 
including 100.00 per cent OraCh given, and up to 50.00 per cent given in the 
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case of both the washed and the pressed and washed experiments—in other 
words, up to the point where the fixation curve flattens out in all three cases. 
The derived straight lines do not explain the nature of the reaction involved, 
but they illustrate its course. 

Effect of Neutral Salts in Chrome Tanning 

We have noted in Chapter 11 that pickling consists of treating the hide 
or skin with a mixed solution of acid and salt prior to chrome tanning. The 
importance of the kind and amount of pickling salt is very great; the salt may 
have far-reaching effects on the skin and the chrome liquor added, as well as 
on the reaction between them and on the characteristics of the resulting leather. 
Or, salts added to the chrome liquor before it enters the tan drum also produce 
large effects. We shall deal more particularly in this section with the manner 
in which salts affect the composition and tanning characteristics of chrome 
compounds. Since this subject Is both complex and far-reaching, it will be 
well to discuss inorganic and organic salts separately. 

Inorganic Salts. The inorganic salts used in pickling are usually confined 
to sodium chloride and sodium sulfate, and the latter is sometimes added to 
the chrome liquor. Also to be considered is the effect of the sodium chloride 
formed in the case of basic chrome chlorides, and the sodium sulfate formed 
in the case of basic chrome sulfates, when chrome liquors arc made with 
sodium bichromate and acid, including liquors reduced with sulfur dioxide. 
In all these cases tanning is actually performed with a mixture of chrome 
compounds, acid and neutral salts; such mixtures may include both sodium 
chloride and sulfate when a pickle of sulfuric acid and sodium chloride is 
followed with either basic chrome chloride or basic chrome sulfate. These 
procedures of pickling have been in use over since the advent of chrome 
tanning, but it is only within recent years that the salt effect has been experi¬ 
mentally studied. 

In 1920, Wilson and Gallun 106 made up a 35 per cent basic chrome sulfate 
liquor of a dry commercial extract from which they prepared a series of 
solutions of varying concentrations of different salts, with all solutions con¬ 
taining a final concentration of 17 grams Cr 2 Oa per liter. They then placed 
16-sq in specimens of pickled calf skin in bottles and added to each 200 ml of 
the chrome/salt solution and tanned them for 24 hours at room temperature, 
with occasional agitation. After tanning, the leather specimens were washed 
free of uncombined matters with water. Part of each washed specimen was 
boiled in water for five minutes and its area shrinkage noted; the remainder 
of each washed specimen was analyzed for fixed Cr 2 0 :i . The per cent chrome 
fixations on hide substance are shown in "fable 178. 

In another experiment these authors studied the effect of adding sodium 
sulfate to the same chrome liquor but with a final Cr 2 0a concentration of 10 
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Table 178 


Moles salt added 
per liter of 

Ammnmum 

Sodium 

Lithium 

Magnesium 

chrome solution 

Chloride 

Chloride 

Chloi ide 

Chloride 

None 

7.35 

7.35 

7.35 

7.35 

0.50 

5.53 

5.70 

6.78 

5.22 

1.00 

4.42 

4,90 

5.72 

3.96 

1.50 

3.25 

4.45 

4.80 

3.41 

2.00 

2.95 

2.97 

3.91 

3.54 

3.00 

2.57 

2.73 

3.98 

4.96 


grams per liter and three days* tanning; they reported 10.09 per cent Cr 2 Oa 
fixed by the control, 5.50 in the presence of 0.50 mole sulfate, 4.07 with 1.00 
mole and 3.57 with 1.50 moles. They noted that all specimens shrank during 
boiling, with the exception of the controls. We cannot draw too many con¬ 
clusions from these experiments, since pickled skin was employed and the 
actual or potential effect of the various chlorides added may have been 
partially masked by the effect of the sodium chloride used in pickling. It 
must also be noted that the tanning experiments were not rim to equilibrium 
and that tremendous excesses of salts were employed in relation to the amount 
of O2O3 present in the tan solutions. But their experiments did indicate the 
importance of the salt effect and they stimulated further studios. 

In 1920 Wilson 107 stated that, whereas pickled calf skin tanned for less 
than two days in the chrome liquor described above did not shrink in boiling 
water, it did shrink if the chrome liquor was made to contain 120 grams 
NaCl per liter, even though tannage was extended to seven days. lit' found 
a 50 per cent increase in hydrogen ion concentration when the chrome liquor 
contained salt as noted. Wilson then investigated the effect, of added salts 
upon the precipitation figure of a commercial chrome sulfate (as described 
above, and which contained the Na^St^ formed in its preparation). This 
was done by slowly adding with agitation 0.1 A 7 NaOH to 10 ml of a filtered 
chrome solution containing 17 grams (V2O3 per liter until a permanent tur¬ 
bidity due to precipitation of chrome appeared. In this way it was found 
that the control solution required 3.7 ml of alkali; but when 0.04 gram mole¬ 
cule of NaCl was added to another 10-ml portion, 0.8 ml of alkali were 
required. The procedure described was repeated by adding 0.02 gram 
molecule of various salts to 10 ml of the chrome solution. As a result, the 
order of degree of effectiveness in preventing precipitation could be arranged 
as follows: 

KC 1 < NH 4 CI < NaCl < MgOlt < MgS0 4 < Na*S0 4 < (NH 4 ).S0 4 . 

The solution containing potassium chloride required only 4.0 ml alkali, 
w r hereas 11.6 ml were required in the case of ammonium sulfate. 

» Wilson and Gallun had attributed the effect of added chlorides, in part, 
to their well knoyrn hydration capacity; that is, if the added salt removed 
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water from its role of solvent, the effect would be to increase the concentration 
of all the chrome liquor constituents, including hydrogen ion. They reasoned 
that if such concentration of chrome exceeded an optimum for chr6me fixation, 
a decreased chrome fixation should result, as shown in Table 178. Since 
Thomas and Baldwin 101 had previously shown that addition of chlorides to a 
pure chrome sulfate solution raised its hydrogen ion concentration and that 
the addition of sulfate lowered it, Wilson and Gallun suggested the following. 
They assumed the action of sulfates to be different from that of chlorides; i.e., 
whereas the chloride effect could be assumed to be mainly one of hydration, 
the sulfate effect was primarily one of sulfate reaction with the original chrome 
compound, whereby new compounds with lowered tanning capacity were 
formed. 

To throw further light upon this complicated problem, Thomas and 
Foster 102 studied the effect of adding sodium chloride, sodium sulfate, and 
sucrose to a 33.3 per cent basic chrome sulfate prepared by reducing sodium 
bichromate with sulfur dioxide. The non-electrolyte sucrose was chosen 
because of its well known hydration capacity in aqueous solution, and it was 
believed that if chrome fixations were lowered because of the hydration of 
added chlorides, fixations should also be decreased by the presence of sucrose. 
Five-gram portions of anhydrous hide powder were tanned with agitation 
for 48 hours at room temperature with 200 ml of chrome liquor containing 
3.0, 15.5 and 100.0 grams Cr 2 (b per liter, respectively. The tanned powders 
were then washed free of uncombiuod matters, dried, and analyzed. The 
series which contained added sodium chloride, ranging from 0.5 to 4.0 molar, 
all showed decreased chrome fixations compared with the control and in the 
case of all three chrome concentrations; the pH values of the exhaust tan 
liquors were determined (in the ease of the 15.5 g.p.l. concentration) and were 
found to decrease from 2.90 for the cont rol to 2.20 in the case of the 4.0 molar 
Nat3 addition. 

The chrome fixation in the series to which sodium sulfate was added also 
showed lowered chrome fixation in all cases; but in this qise the pH value of 
the exhaust tan liquors increased from the control of 2.85 to 3.01 in presence 
of three moles of added sodium sulfate. But there was no change in chrome 
fixation where one, two, and three moles of sucrose had been added to the 
chrome liquor which contained 15.5 grams Cr 2 0 3 per liter; when four moles 
of sucrose were present a very slight chrome fixation decrease was found. 
No pH values are reported for the exhaust chrome liquors containing added 
sucrose. In interpreting their experimental results, Thomas and Foster 
suggested that the lowered chrome fixations they found wore not due to 
hydration phenomena but. to the fact that both sodium salts may have formed 
more complex chromium compounds of lessened reactivity with hide sub¬ 
stance. We would emphasize that the neutral salt studies of both Wilson and 
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Thomas and their collaborators were made in what may be termed the 
infancy of chrome-tanning studies, and that they pointed the way to future 
investigations. 

In 1926 Gustavson 21 studied the effect of treating standard hide powder 
with various neutral salts before chrome tanning, and in connection with 
similar studies relating to vegetable tanning described in Chapter 17. One 
hundred-gram portions of hide powder were soaked for 14 days in molar 
solutions of the various salts in stoppered bottles covered with toluene, pre¬ 
sumably at room temperature. The soaked powders were then freed of salt 
by washing and the amount of dissolved hide substance was determined. The 
washed powders were then dehydrated with 95 per cent alcohol and air-dried. 
Portions of the dry powders thus prepared, ranging from 2 to 5 grams in the 
several experiments, were tanned for 48 hours at room temperature with 200 
ml of chrome solution under constant agitation: uncombined matter was then 
washed out and the tanned powders were* dried and analyzed for fixed Or 2 Oa. 

The results may be summarized as follows. (1) When a 59 4 per cent 
basic chrome sulfate (diluted to 15.4 grams O2O3 per liter immediately 
before use), which showed both cathodic and anodic; migration, was employed, 
the chrome fixations varied greatly as a function of previous salt treatment. 
Thus, whereas the control showed 23.68 per cent Cr 2 0 3 fixed on hide' substance* 
basis, the powder treated with sodium chloride fixed 24.22 per cent, that with 
sodium sulfate 18.21 per cent and that w ith calcium chloride* 29.84 per cent . 

(2) When a 54.2 per cent basic chrome sulfate liquor which showed “con¬ 
siderable anodic migration” w r as used immediately after dilution to 11.8 
grams 0r 2 0 3 per liter, the control showed 18.00 per cent fixed Cr 2 O r <; the* 
sodium chloride, sodium sulfate and calcium chloride treatments showed 
18.23, 15.14 and 22.46 per cent fixed Cr 2 () 3 , respectively. But it. is important 
to note that when the same 54.2 per cent basic liquor was allowed to age four 
weeks before dilution for use (and when it showed only cathodic migration), 
there was no appreciable difference in the degree of chrome fixation. Nor 
w'erc any fixation differences found when a 37.0 per cent basic sulfate liquor 
showing cathodic migration only was employed; and the same finding held 
true for an 8.0 per cent basic sulfate which showed only cathodic migration. 

(3) When a 30.2 per cent basic chrome chloride, which showed cathodic 
migration only, w r as employed, no fixation differences w T ere found. (4) Con¬ 
siderable chrome fixation differences were, however, found when anionic 
chromiates were employed. The chrome compound used was a sodium 
sulfito-chromiate showing anodic migration only and was diluted to 11.3 
grams Cr 2 0 3 per liter. In this case the control fixed 20.83 per cent Cr 2 0 3 , 
the sodium chloride-treated powder 21.32, the sodium sulfate-treated 16.84 
and the calcium chloride-treated 30.62 per cent. 

Gustavson interpreted the results just described as due to the effect of the 
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various salts upon the secondary valence forces of the collagen. He concluded 
that primary valence forces were involved in the fixation of cationic chrome 
compounds, whereas secondary valences were largely responsible for anionic 
chrome fixation. Stiasny 76 has confirmed Gustavson's findings as to the lack 
of neutral salt effect upon chrome fixation in the case of cationic compounds. 
He finds a slight effect in the case of anionic compounds but states that such 
chrome fixation differences are apparent only with unbated hide pieces. 
Stiasny states that the character of liming is of much greater importance in 
determining the degree of chrome fixation than is the neutral salt effect. 

Gustavson 22 then studied the effects of adding neutral salts to the chrome 
liquor itself. He prepared a series of chrome chloride liquors of varying 
basicities by adding dilute sodium hydroxide to a solution of C. P. chrome 
chloride, Cr(T<r 4 H 2 0 . The liquors were then boiled and were aged four 
weeks. Various concentrations of chrome solutions were then prepared in a 
range of from 1.90 to 38.20 grams Or 2 0 3 per liter. For each chrome con¬ 
centration studied there were prepared aliquots containing an increasing 
concentration of added sodium chloride; that is, all the solutions of a given 
series contained a constant amount of Cr 2 0 3 , but wore 0.25, 0.50, 1.00, 2.00, 
3.00, 4.00 and 5.00 molar with respect to sodium chloride. The precipitation 
figure of the various mixtures just described was determined by slow additions 
of 0 lA r NaOIl, with agitation, to 5.0- or 10.0-ml portions of the chrome/salt 
solution until a permanent turbidity was reached: this procedure was followed 
immediately after making up the solutions and again after they had stood for 
six weeks. 

It was thus found that, regardless of either the chrome concentration or 
its basicity, the presence of added sodium chloride decreased the precipitation 
figure in all cases. Additions of small amounts of sodium chloride caused a 
slight rise in the pH value of the chrome solutions, but larger amounts of salt 
caused a marked decrease compared with that of the salt-free control. No 
direct relation was found to exist, between the* hydrogen ion concentration 
and the precipitation figure of the various solutions. Gustavson pointed out 
that the precipitations noted are not a function of hydrogen ion concentration. 
He stated: “The progress of the agglomeration process, which finally leads 
to precipitation, is measured by the degree of condensation of the chrome 
compound, which is in its turn controlled by the nature of the internal sphere, 
primarily in regard to chlorine content. The per cent acidity at which pre¬ 
cipitation occurs Is proportional to the ratio of chlorine to chromium in the 
complex cation.” It must be kept in mind, of course, that experimental 
results in which great salt concentrations are present may not necessarily be 
applicable to tannery processes, where much less salt is used. 

Stiasny and Ziegler 81 also studied the effect of adding sodium chloride to 
chrome chloride solutions. This was done by adding portions of sodium 
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hydroxide or carbonate at one-minute intervals to 2.5.0 ml of different chrome 
chloride solutions containing one gram of O per liter. Since they found that 
the visual observation method employed by Wilson and by Gustavson did not 
yield highly accurate precipitation figures, these authors employed a 
nephelometer, that is, a Zeiss step photometer with a cloudiness scale. By 
this means they studied the effect of adding sodium chloride to both a zero 
basic and a 33.3 per cent basic chrome chloride, both without heating and 
after boiling for three hours. Their findings may be summarized as follows. 
When the chrome solutions contained sodium chloride in the proportion of one 
mole of salt per mole of Cr, little or no change occurred in the precipitation 
figure; and even when the salt concentration was increased to the enormous 
proportion of fifty moles per mole of Cr the change in precipitation figure was 
not very great. In commenting upon these results, Stiasny 70 states that the 
effect of added sodium chloride upon the precipitation figure of pure chrome 
chlorides of moderate basicity and but slight elation is not great; but lie points 
o it that the effects may be different in the* case of technical chrome chloride 
liquors, where other influencing substances may be present. 

Gustavson 22 next studied the effect on chrome fixation of the addition of 
chlorides to solutions of C.P. chromic chloride which were brought to various 
basicities by the addition of sodium hydroxide. When these solutions had 
reached equilibrium they were diluted with sail solutions in such manner 
that there was a constant chrome content throughout a given series and an 
increasing salt content. The chrome concentrations thus studied ranged 
from 6.7 to 100.0 grams O2O3 per liter, the basicities from 10.7 to 75.5 per 
cent, and the salt concentrations present in the chrome solutions from 0.25 
to 5.0 molar. Tanning was performed by agitating for 48 hours at room 
temperature approximately 5 grams of hide powder with 200 ml of chrome 
liquor. The tanned powder was washed free of uncombined chrome, dried 
and analyzed. The findings may be summarized as follows Moderately 
concentrated solutions of chronic chloride show an increased (V 2 ()x fixation in 
the presence* of added neutral chlorides, although their hydrogen ion con¬ 
centration is increased. In more concentrated chrome solutions the fixation 
is decreased by added chlorides. Changes are brought about in the degree 
of dispersion of extremely basic chrome chloride solutions when neutral salts 
are added. The pH value of all solutions studied was progressively lowered as 
a function of increasing salt concentration. Gustavson suggests the following 
interpretation of these experiments: “The main finding of this investigation 
is that the degree of chrome fixation is not regulated by the hydrogen ion 
concentration, but largely by the constitution of the chromic salt.” 

Gustavson 18 also studied the effect of adding sodium sulfate to a 37.0 per 
cent basic chrome sulfate liquor. These experiments, as well as the chloride 
experiments described above, were the first adequate studies in which chrome 
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fixations, etc. were observed with pure materials, and in which the influence 
of similar ions was determined. The 37.0 per cent basic liquor was made by 
reducing a mixture of C.P. sodium bichromute and sulfuric acid with sucrose. 
The basicity value obtained by titration was the same as the theoretical, 
indicating the absence of organic acid in the completed liquor. Five-gram 
portions of hide powder were tanned for 48 hours with 200 ml of this liquor 
having a concentration of 22.0 grams Cr 2 0 3 per liter, and to which was added 
sodium sulfate as shown in Table 179. The uncombined chrome was removed 
by washing at the end of tanning and the tanned powders were dried and 
analyzed. 

Tabic 179 

Moles of NlijSOi CrsOi 

present m chrome combined with 

solutions Kleetricul Migration collagen (%) 

0.00 Cathodic 12.14 

0.25 Cathodic 8 93 

0.50 Cathodic and slight, anodic 7.39 

1.00 Marked anodic 4.43 

(Jiistavson felt that the changes induced in the composition and electrical 
behavior of the chrome complex by the addition of sodium sulfate arc of 
great importance in determining its tanning behavior. But it must be noted 
that, whereas the addition of sufficient- sodium sulfate to render the chrome 
solution 0.25 molar (that is, 1.57 parts added NH2SO4 to each I .(X) part O2O3) 
reduced chrome fixation some 20 per cent, it had no effect on tlo electrical 
migration of the chrome. Twice this amount of added sulfate had only slight 
effect upon migration, and four times this amount was required to bring about 
marked anodic migration, 

Stiasriy and Ziegler 81 have studied the effect of adding sodium sulfate to 
chrome sulfate solutions on their precipitation figures. This was done by 
means of the nephelometer method already described. They employed a 
chrome concent ration of 1.46 grams of (V2O3 per liter and observed the effect of 
adding 0.5 mole NasS 0 4 per 1.0 mole and also 25.0 moles of (T in other 
words, 0.93 part Na 2 S( b per part Cr 2 O fJ and 16,5 parts in the case of the 
25.0 moles. (The ordinary chrome liquor prepared from sodium bichromate 
contains 0.93 part Na 2 S( ) 4 per 1.00 part Cr 2 0 3 .) They found practically no 
change in precipitation figure's when 0.5 mole Na 2 S0 4 was added to a cold 
hexa-aquo-chromi-sulfate (zero basicity) and only a slight increase* with 25.0 
moles. Small increases were found if the chrome solutions were boiled under 
reflux for three hours before addition of sulfate; these were attributed to the 
effect of hydrolysis and olation. A very slight increase in precipitation figure 
was found when 0.5 mole of sulfate was added to an unheated 33.0 per cent 
basic liquor, with considerable increase for 25.0 moles added. When sodium 
carbonate was employed for raising the basicity of the chrome solution from 
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zero to 33.0 per cent instead of sodium hydroxide, there were greater increases 
in precipitation figures in the presence of 25.0 moles of added sodium sulfate. 
Stiasny and Ziegler believe the precipitation figure increases found with the 
high sulfate concentrations to be a result of sulfate radicals being pushed into 
the chrome complex, whereby it becomes more alkali-stable. This change 
may be pictured as follows: 
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Ktintzel, Kinzer and Stiasny 43 have investigated the possible effect upon 
chrome fixation of the sodium sulfate which is normally present in basic 
sulfate liquors and which is one of the reaction products of the reduction of 
sodium bichromate. They were interested in determining whether such salt 
could be responsible for the findings of Gustavson, of Wilson and of Thomas 
and Foster that the amount of chrome fixed by hide substance from basic 
chrome sulfate liquors decreased with increasing strength of chrome liquor 
after a certain optimum concentration was exceeded. Kuntzel, Kinzer and 
Stiasny reasoned that as basic chrome liquors became more concentrated the 
proportion of free acid present to neutral salt decreases; the acid does not 
increase in the same ratio as the neutral salt. Because of this, they visualized 
the possibility of a pickling action (diminution of swelling and hydration) 
upon the hide substance by the neutral salt. If this were true, the diffusion 
of chrome solution into the collagen would be hindered and chrome fixation 
would be reduced. They therefore tanned hide powder with increasing con¬ 
centrations (up to 463 per cent Cr 2 0 ;i on hide substance basis) of a 40.5 per 
cent basic chrome sulfate liquor. (This liquor was so prepared that it con¬ 
tained no neutral salts; it was made by the action of hydrogen peroxide on 
chromic acid and sulfuric acid.) Duplicate tannages were then performed 
with the same chrome liquor, to which had been added increasing concentra¬ 
tions of sodium sulfate: 0.55 and 1.00 mole per mole of Cr. The chrome- 
fixation curve for the salt-free liquor shows no drop as a function of chrome 
concentration, rising continuously to 10.95 per cent fixed Cr 2 0 3 at the highest 
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concentration. The series of liquors containing 0.55 mole Na 2 S() 4 per mole 
ot Cr show 9.50 per cent fixed O 2 0a at the highest chrome concentration, 
and that containing 1.0 mole 5.50 per cent. These experiments are unfor¬ 
tunately not very convincing, since they were not run to equilibrium; this is 
apparent from the fact that a maximum of only 10.95 per cent (V 2 ().h was fixed, 
as noted. Had they been run to equilibrium a much greater fixation, at least 
17.00 per cent, would have resulted. In a later communication, Kimtzel 
and Riess 44 restate their conception of the experiments just discussed; that 
is, that if a chrome liquor contains too great, a concentration of a pickling, 
neutral salt the collagen will be dehydrated. When such dehydration occurs, 
the inter- and intra-micellar spaces are diminished; this obstructs the entrance 
of chromium aggregates and so reduces chrome fixation. 



Serfass and Theis 73 have studied the effect of adding sodium sulfate to a 
36.0 per cent basic chrome sulfate 1 which they describe as a chemically pure 
compound. Portions of this dry compound wore weighed and to them was 
added sodium sulfate to give a series of liquors containing 0.50, 1.00, 2.00 
and 3.00 moles sodium sulfate per mole of chromium, respectively. These 
mixtures, as well as the control, containing no added salt, were dissolved in 
sufficient water to produce an approximately 10.0 per cent chromium solution 
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after boiling for 10 minutes under reflux. After cooling, the several solutions 
were accurately diluted to a concentration of 5.0 per cent chromium, were 
boiled under reflux for 30 minutes, and then rapidly cooled and made up to 
mark. The solutions were diluted immediately after cooling to a concentra¬ 
tion of one per cent chromium, the constants of which were determined 
immediately and, also, after they had aged up to two weeks at room tempera¬ 
ture. Changes in pH values, as a function of aging time and added sodium 
sulfate content, determined by a glass electrode, are shown in Figure 147. 
The figure shows that, as had been noted by other workers, the addition of 
sodium sulfate increases the pH value of the basic chrome sulfate solution; 
that aging at first decreases the pH value; and that this value soon returns to 
that of the unaged solutions. 

The effect of added sodium sulfate upon the amount of complexly bound 
sulfate of the chrome solution described was determined; the results are shown 
in 


Table 180, which 

indicates that, whereas the 

addition of ap 


Table 180 


Moles Na*SO< 



added per molt* 

— Molon of Complexly bound SOi pci molts of Cr-- 

Cr 

15 hum. after cooling 

0 bourn alter cooling 

0.0 

0.527 

0.464 

0.5 

0.563 

0.452 

1.0 

0.710 

0.435 

1.5 

0 920 

0.455 

2.0 

1.084 

0.405 

3.0 

1.435 

0.473 


quantities of sodium sulfate to a one per cent solution of a 36.0 per cent basic 
chrome sulfate greatly affects the amount of complexly held sulfate of an 
unaged solution, such effects are absent after the solution has aged for six 
hours. 

An attempt was made to determine the relative molecular weights of the 
chromium compounds in the presence of added sodium sulfate and in its 
absence. (The method employed for this was the diffusion procedure sug¬ 
gested by Riess and Barth, described on page 524.) The results are shown 
in Figure 148. The figure shows that when sodium sulfate was added to a 
one per cent Cr solution immediately after cooling the boiled solution, the 
presence of 0.5 mole salt presumably decreased the molecular weight of the 
chrome compound. Further increases in salt addition caused a slight rise in 
molecular value. If the chromium-sodium sulfate mixtures were allowed to 
stand for one hour before diffusion, the curve was essentially of the same 
shape as that of the unaged solutions, but with slightly lower values, until 
the solution became 3.0 molar; but after three hours’ aging all the molecular 
weights increased. 

Thcis 00 tanned hide powder with basic chrome sulfate liquors containing 
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a constant amount of Cr 2 0 3 and increasing concentrations of added sodium 
sulfate, so that the various chrome solutions were from 0.25 to 3.00 molar in 
respect to the added salt. After tanning, washing and drying, the samples 
were analyzed for fixed Cr 2 0 3 . This value was found to decrease as a straight- 
line function from 7.00 per cent for the control to 6.00 per cent in the presence 



of 3.00 moles added sodium sulfate. Theis considered the decreased fixations 
noted to he probably a function of sulfate penetration into the chrome com¬ 
plex, thereby decreasing its reactivity with hide substance. 

Theis and Meerbott 91 repeated the hide powder experiments described 
above, with 5 grams of powder, 100 ml of a 1.0 per cent Cr 2 0 3 33 per cent basic 
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sulfate liquor, tanned for 48 hours at 25° with constant agitation. The various 
chrome solutions of this series contained added sodium sulfate, as noted. 
The results are shown in Table 181, which gives the analysis of the tanned 
powders after they had been washed free of unfixed chrome, salt and acid 
(as well as of part of the combined acid), by treatment with 5 liters of distilled 
water at 75° over a two-hour period, after which they were dried, reground and 
analyzed. The figures given in the table are based upon hide substance. 


Table 181 


Moles salt added 
per gram atom 

pi I of 
exhaust 

C'rat ) , 

so., 

Cr 

Overall Leather 
Basicity 

Cr 

liquors 

("r) 

ro 

(%) 

<%) 


3.10 

7 95 

7 02 

5.44 

39.3 

0.0625 

3 08 

7.73 

7.59 

5.28 

37.8 

0.1250 

3.10 

7.75 

7.72 

5.30 

30,8 

0.2500 

3.12 

7.73 

7 55 

5.28 

38 2 

0.3750 

3.14 

7.05 

7.02 

5.23 

37 0 

0.5000 

3.14 

7 00 

7.52 

5.20 

37 4 

0.7500 

3.18 

7.51 

7.55 

5.14 

36.3 

1,0000 

3.22 

7.39 

7.31 

5.05 

37 3 

1.5000 

3.23 

7.12 

7 21 

4.87 

35 8 

2.0000 

3 25 

0.87 

ft 97 

4 70 

35 7 


The authors ascribe the decreased chrome fixations with increasing sodium 
sulfate additions, as shown in the table, to the possible formation of anionic 
complexes with lessened tanning power. 

We have noted that small additions of sodium sulfate to a basic chrome 
sulfate liquor may decrease its tanning power, even though the precipitation 
figure and electrical migration of such liquor may remain unchanged and the 
proportion of its ionically and complexly hold acid radicals may be unaffected. 
In view of these facts, McLaughlin and Adams 52 sought an explanation for 
the decreased tanning power of basic chrome sulfate liquors containing sodium 
sulfate. They believed the phenomenon might be directly related to a 
decreased acid binding by hide substance when sodium sulfate is present in 
the chrome liquor. If less acid is fixed b\ r the hide substance, less chrome 1 is 
brought to a basicity of GO.7 per cent, at which point it is deposited in and on 
the skin fibers. The experiments which follow indicated to these authors 
that their conception was correct. 

McLaughlin and Adams prepared a neutral salt-free basic chrome sulfate 
liquor of 42.5 per cent basicity by the following means. Chromic arid was 
reduced with sulfur dioxide, after which it was boiled for three hours and 
showed no S() 2 . After standing one week it was heated and sufficient 
calcium hydroxide was added to bring its basicity to 42.5 per cent; the solu¬ 
tion was then boiled for three hours, was allowed to cool and then stood for 
two weeks at room temperature. The liquor was then filtered to remove 
CaS() 4 , the filtered liquor showing 0.01 per cent lime as CaO. To the filtered 
liquor were added the amounts of sulfuric acid calculated to produce the 
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basicities desired. The liquors thus prepared were then analyzed and stood 
several months at room temperature before use; in this way thoroughly aged 
liquors, containing no neutral salts, were obtained. Ten-gram portions of the 
0.5 x 0.5-inch skin squares, described on page 444, were first wet with dis¬ 
tilled water; the requisite amount of sodium sulfate solution was then added, 
followed by the proper amount of chrome liquor; and the total liquid mixture 
was then made up to 100 ml. The jars containing the skin and liquor were 
them continuously agitated at. 19 rpm for 48 hours, at 120° F. (It will be 
noted that this temperature was employed rather than the usual 90° F. This 
was because experiment showed that tanning equilibrium was not reached in 
18 hours at. 90° F in the case of the higher sodium sulfate concentrations. By 
“tanning equilibrium’' it is meant that the tanned leather at equilibrium, or 
completion of tannage, must show essentially the same basicity as that of 
the chrome liquor employed, i.e., the liquor basicity based upon all acid 
radicals present.) 

After tanning, the squares were pressed twice in a hydraulic press at 5000 
pounds per square inch to remove all unfixed chrome and acid. The leather 
was then dried at. room temperature, ground, and analyzed; chrome was 
determined by the perchloric method and total sulfate was determined 
gravimetrieally. Mach leather specimen was also analyzed for sodium by 
means of the Barber and KolthofT method, and from the results so obtained 
{.here was deducted the small amount of physiologic sodium present in the 
untanned hide substance. In this way if was possible to calculate any neutral 
sulfate combined with or present in the pressed leather. Deducting such 
neutral sulfate from the leather’s total sulfate yielded the acid sulfate and 
made possible accurate calculation of basicities. 

The results obtained are given in "Fable 182, whore the percentages of 
materials used, and the analyses of leather, are based on hide substance. We 
note that in the case of each of the four basicities studied there is a continuous 
decrease of fixed chrome as the sodium sulfate concentration rises. (In no 
case was there any apparent shrinking or pickling effect of the sodium sulfate, 
upon the leather squares.) It will be noted that in all eases, regardless of 
the amount of added salt, the pressed leather shows essentially the same 
basicity as that of the chrome liquor in which it was tanned. This becomes 
apparent also when we compare the figures of the, last column of the table 
(which are the theoretical acid sulfate values required to make the leather 
exactly the same basicity as the* liquor) with the acid sulfate values found by 
analysis of the leather. The, pll values of the, exhaust chrome liquors rise 
steadily with increasing sodium sulfate concentration. 

The sixth column of the table shows the percentage which the acid sulfate 
is of the. total sulfate present in the chrome liquor. If wo {dot as abscissae 
the logarithms of such percentages and plot as ordinates the logarithms of the 
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percentages of Cr 2 0 3 fixed by the leather in each case, the straight lines shown 
in Figure 20 are derived. These lines would indicate that the lessened chrome 
fixations noted in the table are directly related to the percentage of acid 
sulfate in the total sulfate content of the tan liquor. But this finding does 
not of itself explain the reason for the lowered chrome fixations. 


Table 182 









% 

Acid 

SO 4 

Fixed 



% Theoretical 

% 


% 

% 

Basicity 

% of Total 

% 

Basicity 

pH 

A S( required to 

CWh 

Acid 

NaaSO* 

Total 

of 

SO 4 which 

CrsOa 

of 

Exhaust 

make leather 

Given 

SOi 

Given 

S0 4 

Liquor 

is Acid SO 4 

Fixed 

Leather 

Liquor 

basicity same as 
liquor 

19 34 

3tt 93 

0 0 

36 93 

-0 8 

100 0 

7 72 

15 13 

- 3 5 

1.01 

14.75 

“ 

i 

5 0 

40 31 


91 6 

7 60 

14.74 

-2 5 

1 63 

14.52 



10.0 

43.69 

“ 

84 5 

7 50 

14.68 

-3 4 

1.70 

14 32 



20 0 

50 45 

“ 

73 2 

7 14 

13 81 

-2 l 

1,75 

13.64 



30.0 

57 21 

“ 

64 5 

6 89 

13 IS 

- 1 0 

1.79 

13.16 



40.0 

63 97 


57 7 

6 63 

12 89 

— 2 6 

1.80 

12.66 



50 0 

70 73 

M 

52 2 

6 34 

12 35 

- 2 9 

1 82 

12 11 



00 0 

77 49 


47 7 

6 26 

12 07 

- 1 8 

1.89 

11 95 



80.0 

01 01 


40 6 

5 70 

11 63 

-6 0 

1 90 

11 06 



100 0 

104 53 

' 1 

35 3 

5.62 

11 22 

- 5 5 

3 93 

10 74 


32 27 

0 0 

32.27 

+12 00 

100 0 

9 17 

15 00 

13 H 

1 90 

15 28 

“ 


5 0 

35 65 

90 5 

8 74 

14 40 

12 4 

1 95 

14 56 



10 0 

39.03 

“ 

82 7 

8 81 

1 4 62 

12 7 

1 99 

14 73 



20 0 

45 79 

** 

70 4 

S 73 

14 34 

13 2 

2,02 

14 55 



30 0 

52 55 


61 4 

8 50 

13 96 

13 2 

2 00 

14 17 



10 0 

59 31 


54 4 

8 13 

13 61 

11 6 

2 11 

13 55 



50 0 

66 07 


48 8 

8 01 

13.10 

13 6 

2 11 

13 35 



00 0 

72 83 


44 3 

7,62 

12 70 

12 0 

2 17 

12 70 



80.0 ! 

86 35 

| 

37 4 

7 43 

12 40 

11 0 

2 20 

12 38 



100 0 

99 87 


32 3 

6 07 

12 02 

90 

2 21 

U 62 


25.28 

00 

25 28 

+ 31 00 

100 0 

12 32 

15 92 

31 K 

2 65 

16 10 



5 0 

28 66 

88 2 

12 10 

15 58 

32 0 

2 71 

15 81 



10.0 

32 04 


78 9 

11 83 

15 39 

31 4 

2 75 

15 46 



20 0 

38.80 

“ 

65 1 

11.54 

14.92 

31 7 

2 81 

15 08 



30,0 

45 56 

" 

55 5 

1105 

14.45 

31 0 

2 87 

14 4*1 


“ : 

40 0 

52 32 

“ 

48 3 

10 55 ; 

13 90 

30 4 

2 90 

13.79 



50 0 

59 08 

“ 

42 8 

10.31 

13.58 

30 5 

2 91 

13 47 



00 0 

65 84 

“ 

38-1 

10 07 

13 53 

20 0 

| 2 95 

13 16 



80.0 

79.36 

*' 

31 8 

9 56 

12 75 

29 6 

1 2 09 

1249 



100 0 

92 88 


27 2 

9.05 

12 13 

29.2 

3 00 

11 83 


21 10 

0 0 

21 10 

-M2 6 

100 0 

14 90 

15 39 

45 5 

2 05 

16 22 



5 0 

! 24 48 

** 

i 86 2 

14.61 

15 00 

45.8 

3.06 

15 91 



10 0 

! 27 86 

** 

75 7 

14 23 

15 00 

4 i 4 

3 11 

15 49 



20 0 

i 34 62 

“ 

60 9 

13 81 

14 82 

43 4 

3 20 

15 04 



30.0 

41 38 

“ 

51 0 

13.34 

14 35 

43 2 

| 3 25 

14 53 



40 0 

| 48 14 

“ 

43 8 

12 92 

14 00 

1 42 8 

! 3 30 

14 07 



! 50 0 

; 54 90 


38 4 

12 51 

13 22 

| 44 2 

! 3 31 

13 62 



1 00 0 

HI 66 


34 3 

12 13 

13 28 

42 2 

3 31 

1321 



80,0 

75 18 

“ 

28 1 

11.18 

12 31 

41* H 

3 31 

12 17 



100 0 

88 70 


23 8 

10.50 

12 04 

\ 39 5 

1 

3 36 

11 43 


McLaughlin and Adams then studied the acid fixation by skin squares 
when a given concentration of sulfuric acid contained increasing concentra¬ 
tions of sodium sulfate. This was done by wetting ten-gram portions of 
squares with distilled wafer, adding the requisite amount of acid and sodium 
sulfate, making the liquid mixture up to 100 ml and agitating for 24 hours at 
70° F in a water bath. Experiment showed that equilibrium was reached by 
this treatment. The specimens were then removed and pressed twice in a 
hydraulic press, whereby unfixed acid was removed and fixed acid was 
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retained. The pressed squares were then air-dried, ground and anafyzed for 
fixed acid sulfate. The results are shown in Table 183. The acid sulfate 
fixed decreases as a function of increasing sodium sulfate concentration, and 
the pH values of the exhaust acid liquors rise. If we plot the logarithms of 
the fifth column of the table as abscissae and the logarithms of the acid sulfate 
fixed as ordinates, the straight lines shown at the right of Figure 20 are 
obtained; they are of the same general slope as the lines similarly plotted for 
chrome fixations, shown at the left of this figure. 

Table 183 


% which Acid 


% Acid 

HO< 

% NatSO* 

% Acid 

804 

Exhaust 

SO* is of total 
SO 4 in original 

Given 

Given 

Fixed 

Solution 

solution 

10.00 

0.00 

5.86 

1.32 

100.0 

u 

5.00 

5.72 

1.35 

74.7 

i l 

10.00 

5.51 

1.41 

59.7 ’ 

u 

20.00 

5.02 

1.52 

42.5 

u 

30.00 

5.15 

1.60 

33.0 

u 

40.00 

5.01 

1.63 

27.0 

u 

50.00 

5.01 

1.68 

22.9 

u 

60.00 

4.98 

1.68 

19.8 

u 

80.00 

4.87 

1.70 

15.6 

u 

100.00 

4.84 

1 78 

12.9 

15,00 

0.00 

6.97 

1.00 

100.0 


5.00 

6.78 

1.01 

81.6 

it 

10 00 

6.51 

1 08 

68.9 

1 1 

20 00 

6.37 

1.31 

52.6 

u 

30.00 

6.08 

1.20 

42.5 

it 

40.00 

6.02 

1.80 

35.7 

u 

50.00 

5.67 

1.33 

30.7 

“ 

60.00 

5.48 

1.36 

27.0 

<< 

80 00 

5.37 

1.40 

23.7 

“ 

100 00 

5.31 

1 40 

18.1 

20.00 

0.00 

7.63 

0.90 

100.0 

u 

5.00 

7.56 

0.90 

85.6 

(( 

10.00 

7.71 

0.99 

74.7 

u 

20.00 

7.16 

0.99 

59.7 

“ 

30.00 

6.85 

1.13 

49.6 

u 

40.00 

6.35 

1.19 

42.5 

(( 

50.00 

6.33 

1.21 

37.2 

11 

60.00 

6.15 

1.25 

33.0 

a 

80.00 

5.97 

1.30 

27.0 

u 

100.00 

5.88 

1.35 

22.8 


In view of the findings described above, McLaughlin and Adams conclude 
that the principal reason for the lowering of chrome fixation in the presence of 
sodium sulfate in the chrome liquor is the effect of the salt upon sulfuric acid 
fixation by hide substance. This is especially true in those cases where the 
amount of added sodium sulfate corresponds to the limit which would be 
employed in tannery practice. The addition of tremendous quantities of 
sodium sulfate may, of course, affect the composition of the chrome complex 
and its electrical migration. 
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Organic Salts. In 1897 Procter, the great pioneer of leather chemistry, 
suggested the use of sugars in the reduction of bichromate for one-bath liquors; 
and shortly thereafter he pointed out that the organic by-products of this 
reaction probably played an important role in determining the tanning 
properties of such liquors and the character of leather made therefrom. In 
1916, in collaboration with his student, Wilson, Procter 61 showed that the 
presence of various hydroxy compounds in a one-bath liquor profoundly 
affects its tanning power. It was demonstrated that whereas the presence of 
a small amount of hydroxy organic compounds produced a superior leather 
fullness and softness, an excess prevented complete or satisfactory tannage. 
Thus was originated the whole subject of “masking compounds,” and their 
effects; a subject which was to prove so fundamental to both leather chemists 
and tanners. 

When wo use the term “masking” we usually mean that some 1 compound 
has been added to a chrome liquor which will change* any or all of the following 
characteristics: the composition of the chrome compound, the pH value of the 
chrome liquor, the electrical migration of the chrome compound and the 
liquor’s ability to resist precipitation when alkali is added to it. As these 
changes are induced, the chrome liquor usually behaves differently as a tanning 
agent: it may cause less or more chrome to he fixed by hide substance com¬ 
pared with the original unmasked liquor, and entirely different leather char¬ 
acteristics may result. Tin* successful employment of masking agents 
requires careful chemical control and supervision Masking is, of course, 
brought about by the presence of the organic compounds present in all 
glucose-reduced liquors, as noted in the discussion of tin* making of one-bath 
chrome liquors, whore it was stated that the kind and amount of organic 
substances formed in glucose reduction are governed by the conditions under 
which such liquors an* prepared. Unless great care is exercised to keep 
uniform the production of glucose liquors from hatch to batch, serious differ¬ 
ences in the tanning behavior of different lots may be exported. It is for 
this reason that some tanners may prefer to reduct* bichromate with sulfur 
dioxide and then add tin* kind and amount of masking compounds desired; 
in this way unitormit y is secured. Masking may also be effected in the absence 
of added compounds. For example, merely evaporating to dryness a basic 
chrome sulfate solution may induce great changes in its composition and 
tanning characteristics; that is, its olation value may be changed, as well as 
the composition of its complex and its resistance to precipitation by added 
alkali. 

We shall now discuss more* particularly the addition of various neutral 
salts to a chrome-tanning system. Those salts may be added to either the 
pickle solution or the chrome liquor itself. The salts usually employed are 
sodium oxalate or formate; but other organic salts have* been studied and are 
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included here, as well as sodium sulfite which, though inorganic in constitu¬ 
tion, behaves much as do organic salts in masking. We shall not attempt to 
define the comparative finished leather qualities induced by masking com¬ 
pounds, since such qualities vary with the procedures and methods of different 
tanneries; but it may be said, in general, that added masking substances may 
affect the character of the grain and the fullness and smoothness of the 
finished leather. 

In 1923, both Stiasny and Gustavson discussed the addition of organic 
salts to basic chrome sulfate liquors from the standpoint of Werner's concept, 
which we have considered in Chapter 14. Gustavson 23 experimentally studied 
the changes in tanning power of a 33.3 per cent basic chrome sulfate liquor 
as a function of the addition of increasing amounts of sodium formate or 
acetate. He found that the addition of small amounts of these salts slightly 
increased chrome fixation by hide powder or skin, whereas large additions 
decreased it. He also noted that leather tanned in liquors containing 
moderate additions of sodium formate possessed superior feel and grain 
characteristics and hence recommended the addition of formate to the chrome 
liquors used in practical tanning. 

Before proceeding with the description of later experimental studies, it 
may be well to understand the supposed mechanism of the changes induced 
in chrome liquors by the addition of masking salts. We noted in Chapter 
14 t hat ions may be arranged in a series of increasing ability to penetrate the 
chrome complex and that, in so doing, they may displace other complexly 
held groups. The oxalate ion, for example, possesses great power of complex 
penetration, and for this reason it is always complexly held. If we add sodium 
oxalate to a basic chrome sulfate solution, the oxalate ions tend to displace 
both sulfate and hydroxyl groups from the complex. With increasing con¬ 
centration of added oxalate the composition of the chronic* compound may be 
drastically changed, as well as its elect rical migration. A sharp rise will occur 
in the pH value of the solution and in its precipitation figure, both of which 
may be* attributed to the displacement of OH groups from the complex, and 
their emergence into the surrounding solution. The color of the solution 
usually changes as well. We have dealt with the behavior of the oxalate ion 
in this paragraph, but the same principles apply to other masking ions, bearing 
in mind their position in the ion displacement series. 

In 1926 Stiasny and Szogo 82 treated a 33.0 per cent basic chrome sulfate 
liquor with increasing concentrations of sodium sulfite, without heating. 
The various solutions contained a constant amount of chrome (2.5 grams 
Cr per liter) and the sulfite concentrations shown in Table 184. The water 
resistance 1 figures in the last column indicate the per cent of the tanned powder 
which did not dissolve in distilled water at 100° in 10 hours. 

Table 184 illustrates the great changes induced by sodium sulfite, in the 
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character of the chrome compound itself, in its tanning power and in the 
tanned hide substance. Similar experiments were performed with sodium 
oxalate as the masking agent and with essentially the same results as when 


Table 184 


Moles 

NaaSOj 

per 

Mole Or 

Ml 0 IN 
NaOU to 
start 
pptn. m 

2, r > nil 

Migration 

Per ce 
I> 

1 hr 

nt Cr in 1 
owrier aft 

4 In » 

banned 

er 

24 hrs 

Final 

pU 

Value 

Mole* SO a 
per Mole 
j Cr in 

Leather 

Water 

Keftifttanoe 

(%) 

0.00 

2 60 

( 'athodic 

0.98 

1.45 

2.32 

27 


86 6 

0 25 

2.00 

Cathodic 

0.73 

1.23 

2 70 

3.4 

0 23 

76.8 

0.50 

1.15 

(Jiithodic 

0.94 

1.90 

2.92 

3.7 

0.41 

81.6 

1.00 

2.30 

C and A 

1.85 

2.96 

3.60 

4.4 

0.71 

89.1 

1.50 

00 

Anodic 

3.00 

3.74 

4.56 

5.6 

0.70 

68.4 

3.00 

CO 

Anodic 

1.35 

1.98 

3.24 

7.1 

0.83 

65.8 

10.00 

00 

Anodic 

0.09 

0.11 

0.16 

8.1 


24.7 


sulfite was employed. These masking changes have been further studied by 
Stiasny and Szego, as shown in Tables 185 and 186. Table 185 illustrates the 
effect of sodium sulfite additions to a hexaquo chrome sulfate solution con¬ 
taining 2.5 grams Or per liter. The several solutions were boiled 30 minutes 
under reflux and after cooling were made 33 0 per cent- basic by the addition 
of sodium carbonate, after which the proper amount- of sodium sulfite was 
added. In the case of the oxalate experiments detailed in Table 186, the 


Table 185 


Molea Na*S< h 

Precipitation 

Fleet rieal 

per mole Cr 

(in 10 JA NaOU) 

Migration 

0.00 

2.60 

Cathodic 

0.25 

2.00 

C ’athodio 

0.50 

1.15 

C and A 

1.00 

2.30 

Anodic 

1.50 

CO 

Anodic 

3.00 

00 

Anodic 

10.00 

CO 

Anodic 


Molea NaaCsO* 

Table 186 

Precipitation 

Electrical 

per mole Cr 

(nil 0 1V NaOU) 

Migration 

0.00 

2.60 

Cathodic 

0 25 

1.75 

Cathodic 

0.50 

1.05 

0 and A 

1.00 

0.90 

Anodic 

1.50 

CO 

Anodic 

3 00 

CO 

Anodic 


2.5-gm per liter solution of hexaquo chrome sulfate was boiled for 30 minutes 
after addition of the required amount of sodium oxalate; the solutions were 
cooled and were then treated with 0.5 mole sodium carbonate per mole Cr. 
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Cobb and Hunt 18 added a constant amount of sodium formate to a series 
of liquors prepared from a 33 per cent, basic commercial chrome sulfate 
extract and then adjusted their pH values to give a pH range of 3.0 to 7.1. 
This was accomplished by the addition of sodium hydroxide or hydrochloric 
acid. A similar series was prepared with sodium acetate as masking agent. 
Pieces of pickled skin were then tanned in the various solutions and the fixed 
chrome was determined at the completion of the tanning period. They 
found maximum chrome fixation to occur at around pH 5.0-6.5 in both 
systems. Their conclusion from these experiments was that if chrome is 
fixed by collagen by primary valence, there should have been a minimum 
fixation at the isoelectric point of collagen, ?>., around pH 5.0; but since a 
maximum fixation actually occurred, they concluded that collagen reacts 
with chrome by secondary valence forces. 

In 1920, Ciustavson 24 studied the effect of increasing additions of sodium 
acetate- and sodium formate upon the tanning behavior of a 37.0 per cent 
basic chrome sulfate liquor. This liquor was prepared from C.P. sodium 
bichromate and sulfuric acid, with sucrose as a reducing agent. There was 
no difference between the theoretical and the determined basicity of the 
completed liquor, which indicated the absence of organic acid. A series of 
liquors was then prepared containing a constant chrome concentration of 
11.3 grams Cr 2 0 3 per liter, in which various molarities of salt had been incor¬ 
porated, as shown in Table 187. Three grams of hide powder were rotated 
for 18 hours at room temperature with 100 ml of the liquors described. At 
the end of tanning, the powders were washed with water, dried, and analyzed. 
Those experiments are of special interest because the chrome-acetate series 
of liquors was aged at room temperature for two years before use and the 
formate series for eight months. The pIT values shown were eleetrometrically 
determined. 

in 1927, (Justavson 19 tanned hide powder for 48 hours in solutions of 
basic chrome sulfate which had been made molar in respect to added sodium 
formate. After tanning, the powders were washed with water; this removed 
uncombined matter and part of the combined acid. The specimens were 
then dried and analyzed. In the case of a 59.0 per cent basic sulfate liquor 
containing formate, 9.-10 per cent Or 2 (b was fixed on hide substance basis, 
whereas the control fixed 10.40 per cent; with a 37.0 per cent basic liquor the 
fixations were 0.84 and 12.00 per cent, respectively. Similar studies employ¬ 
ing basic chrome chloride were then made. When a 30.0 per cent basic liquor 
was used, the Cr 2 0 3 fixations with and without added formate were 0.10 and 
5.23 per cent respectively, and 14.54 and 7.20 per cent in the case of a 44.0 
per cent basic liquor. In other words, the presence of formate decreased 
chrome fixation in the case of the basic sulfate liquor and increased it when 
the basic chloride w r as employed. 
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In 1934, Riess and Papayannis 70 made an extended study of the effects 
of adding various masking salts to chrome alum and to chrome chloride solu¬ 
tions. Their experimental methods were as follows. The chrome liquors 
were brought to the desired basicities by the addition of sodium carbonate; 
carbon dioxide was removed by boiling for live minutes and the liquors were 
allowed to cool. To the cooled solutions the masking salts were added, after 
which they were aged for 24 hours. To 5 grams of hydrated hide powder 
were added 50 ml of liquor containing 1.0 per cent Cr, and these mixtures 
were then continuously rotated for six hours at room temperature. The 
tanned powders were then sucked free of excess liquor and were washed four 
times with 100 ml of distilled water; in this way uncombined matter was 
removed, together with part of the fixed acid. The powders were then air- 
dried and analyzed for fixed chrome and fixed acid anions. Total acid was 
determined by the formaldehyde-ammonia method. Acid sulfate or chloride 
was also determined, and the masking radicals in the leather were obtained 
by difference The results may be summarized as follows. 

The addition of sodium formate to either a 33.0 or a 50.0 per cent basic 
chrome alum liquor caused a progressive decrease of fixed Cr 2 0 3 as a function 
of formate 1 concentration, whereas the fixation of formate radical increased 
and fixation of acid sulfate decreased. The total basicity of the (washed) 
leathers in the ease of both the 33.0 and the 50.00 per cent liquors—was only 
slightly changed by the presence of added formate. The amount of added 
sodium formate in both liquors ranged from 0.50 to 4.00 moles per mole of Cr. 

Similar additions of sodium formate were made to both 33.3 and 50.0 per 
cent basic chrome chloride liquors. The analysis of powders tanned with 
these liquors showed, in the case of the 33.3 per cent basic, a decline in fixed 
chrome compared with the control, a decline 1 in fixed acid chloride and a rise 
in fixed formate. In the case of the 50.0 per cent basic liquor, fixed chrome 
rose in the presence of one and two moles of formate and declined with four 
moles; fixed acid chloride declined and fixed formate rose. 

When sodium oxalate was added to the chrome alum liquors described 
above, so that they contained from 0.25 to 2.00 moles per mole of (-r, analysis 
of the tanned powders indicated the following. In the case of the 33.0 per 
cent basic liquor, fixed chrome increased slightly at one mole oxalate and then 
declined rapidly, there being but slight chrome fixation at two moles. Fixed 
acid sulfate steadily declined and fixed oxalate steadily rose as a function of 
increasing oxalate additions. The latter observation held also for the 50.0 
per cent basic liquor; but in this case fixed chrome declined rapidly with the 
addition of one mole and was negligible at both 1.5 and 2.0 moles oxalate. 
But when the two chrome chloride liquors described were treated with 0.25 
and 0.50 mole sodium oxalate per mole of Cr, chrome fixations rose sharply 
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with both oxalate additions, as did the fixed oxalate; the fixed chloride 
declined. 

When from 0.25 to 1.00 moles sodium sulfite was added to the 33.0 basic 
chrome alum and 0.25 mole was added to the 50.0 per cent, fixed chrome was 
increased throughout. 

Riess and Papayannis did not report any pH values for the various liquors 
described above, either before or after tanning. They found only negligible 
changes in the shrinkage temperatures of skin fibers tanned in the various 
liquors to which formate or sulfite were added. There was, however, con¬ 
siderable decrease of shrinkage temperature in the case of chrome alum 
liquors containing large additions of oxalate; but the opposite was true in the 
case of the chrome chlorides. 

It is very difficult to attempt to discuss profitably or interpret the experi¬ 
ments just described, for two reasons. In the first place, none of the various 
tannages were run to anywhere near tanning equilibrium. This is at once 
apparent from the fact that the control experiment of the 50.0 per cent basic- 
chrome alum liquor fixed only 7.53 per cent O 2 O 3 . Had the tanning time been 
extended to equilibrium (instead of the short tanning period of six hours) 
very much greater fixations would have occurred and masked liquors require 
even longer tanning time than unmasked. The second reason for objection 
is the fact that the tanned powders were given a drastic water washing before 
drying and analysis. While such washing may have removed uncombined 
matter, it automatically removed a largo amount of fixed anions also. We 
have no means of knowing the extent of this removal, nor whether the hydrol¬ 
ysis constants of the various fixed anions were similar or different. 

In a series of papers published in 1939 and 19-10, Holland 33 has investi¬ 
gated the effects of adding numerous organic compounds to basic chrome 
liquors. He first added such compounds as quinone, hydroquinone, quin- 
hydrone and sucrose to chrome alum solutions and found that they had 
little or no effect upon either the pH value or the sulfate distribution of the 
chrome solution. Because of those findings, he suggests that the slightly 
lowered chrome fixation which Thomas and Foster found when their 33.0 
per cent basic chrome sulfate liquor was made 4.0 molar with sucrose was due 
to hydration of the sucrose. (Thomas and Foster had suggested that the 
phenomenon was probably a function of a change in the composition of the 
chrome complex, and was not due to sucrose hydration.) Holland then 
suggested that if any reaction actually occurs between chromium complexes 
and the compounds studied, it must, take place very slowly in dilute solutions 
and would be quite different from the rapid effect of adding ionizing organic 
salts to chrome solutions. If this is true, vegetable tannins should not 
appreciably affect the composition of chrome compounds. 

Holland then studied the effect of adding various sodium salts to a 33.0 
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per cent basic chrome sulfate liquor derived from the reduction of sodium 
bichromate with sulfur dioxide gas. (When the completed liquor was 
diluted to 20.0 grams O 2 O 3 per liter it showed cathodic migration only.) The 
concentrated liquor was allowed to age for 48 hours and was then diluted to 
20.0 g.p.l. with a solution containing the proper amount of organic salt. 
Five grams of hide powder were then given 200 ml of the diluted chrome liquor 
and the tannage was performed at 18° for 21 hours, with agitation during the 
first seven hours and the last hour of tannage. At the completion of tannage 
the liquor was removed from the powder, which was then washed with five 
100 -ml portions of distilled water, after which the tanned powders were dried 
and analyzed. The tanning treatment described was, of course, insufficient 
to insure complete or equilibrium tannage. This is at once apparent from 
the. fact that the controls show only some 8.7 per cent fixed Cr 2 0 3 ; moreover, 
the water-washing of the tanned powders hydrolyzed unknown amounts of 
fixed acid radicals. But with these limitations in mind it is interesting to 
note the experimental results, as shown in Table 188, in which the data shown 
refer to cold solutions to which the organic salts were added. 


Table 188 


wait pot mole 

I*ret ipitatum 

Initial 

Cxhaust 

Con ib med 
Htn on 
hide sub 

Combined 
CitOs on 
hide sub 

C'r(01-J )SO» 

(ml alkali) 

pH value 

pH value 

(%) 

(%) 

0.00 Foimate 

6.3 

2.84 

2 95 


8.75 

0.25 

6.4 

3.60 



9.17 

0 50 

6.6 

3 86 

3 15 


9.16 

1.00 

6.9 

3 88 

3 46 


9 68 

2 00 

> 20.0 

4.20 

3.95 


9.39 

4.00 


4.58 

4.57 


7.85 

0.00 Acetate 

6.0 

2 88 

2.94 

5 07 

8 52 

0 50 

6.0 

4 61 

3.24 

4.89 

10 25 

1.00 

6.0 

4 87 

3 60 

3 95 

9.97 

2 00 " 

6.0 

5 25 

4.41 

2.34 

9.39 

4 00 

0 3 

5 55 

5.07 

0.98 

6.04 

0.00 Oxalate 

6.1 

2.76 

2.90 


8.73 

0 25 “ 

6 1 

3.72 

3.16 


9 52 

0.50 “ 

6.2 

3.98 

3.47 


8 47 

1 00 

6.2 

5.27 

4 06 


7.81 

0.00 Succinate 

6.0 

2.83 

2 89 


8.89 

0.25 

6.1 

4 56 

3.23 


14 15 

0.50 “ 

6.1 

4.74 

3.38 


17 48 

0.00 Phthalate 


2 78 

2.88 

5 14 

8.35 

0.25 


4 28 

2.92 

4.14 

13.03 

0.50 


4.50 

3 09 

3.08 

17.35 


Table 189 shows the effect of adding 0.50 mole per mole of Cr(()H)S0 4 
of various sodium salts of different acids. 

Tables 188 and 189 indicate that additions of formate do not greatly 
change chrome fixation until 4.0 moles are present; acetate increases fixation 
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Table 189 


Acid 

Precipitation 
(ml. alkuli) 

Initial 
pH value 

Exhaust 
pH value 

Combined 
OrjOn ou 
hide sub 
(%) 

Control 

6.3 

284 

2.89 

8.70 

Malomc 

6.4 

4.11 

3.32 

9.09 

Succinic 

5.6 

4.77 

3.38 

16.10 

Maleic 

6.0 

4.58 

3.13 

12.20 

Adipic 

Phtnalic 

6.2 

4.62 

3.22 

17.70 

7.4 

4.00 

3.22 

16.80 

Oxalic; 

6.2 

3.98 

3.47 

8.47 

Formic 

6.6 

3.80 

3.15 

9.16 

Acetic 

6.0 

4.82 

3.24 

10.25 


up to and including 2.0 moles, decreasing fixation occurring with 4.0 moles; 
0.25 mole of oxalate increases fixation, which is decreased by greater con¬ 
centrations; succinate greatly increases fixation, as does phthalate. As the 
concentration of either acetate or phthalate is increased, the amount of fixed 
acid sulfate in the leather decreases; and the same finding would probably 
have held true for the other added salts if leather sulfate had been determined. 
There seems to be no relation in the tables between precipitation and chrome 
fixation, nor is the latter directly related to the pH value of the exhaust chrome 
liquors. 

Table 190. Effect of Formate Additions. 


I mmcdiale Tannage 


No. 

Moles 

Added 

Salt 

pH 

% 

OrsOa 


% 

I* urinate 

ft 

Milli¬ 

moles 

Or 

Milli¬ 

moles 

SO# 

Milli¬ 

moles 

Formate 

, % 

F urinate 

m Terms 
of % SO# 

Total 
Amou 
m % 
SO-, 

% 

Basicity 

1 


3 02 

7 72 

7.75 


5 28 

101 4 

96 8 



7 75 

36 5 

2 

A 

3 04 

7 82 

7.66 

o.oi 

5 35 

102 8 

95 8 



7 m 

38 0 

3 


3 13 

8 00 

7.40 

0 01 

5 47 

105 2 

92 5 



7 40 

41 4 

4 

j 

3 22 

7 63 

7.17 

0 01 

5 22 

101.2 

89 7 



7.17 

40 5 

5 


3 30 

7 95 

7.01 

0 48 

5 44 

104 5 

87 6 

10 7 

; 0 84 

7 85 

37 2 

6 

1 

3 37 

| 7 95 

6 70 

0 81 

5 44 

104 5 

83 8 

18.0 

J 45 

8 15 

35 2 

7 

i 

8 50 

8 02 

6 21 

0 96 

5 48 

105 4 

77 6 

21 3 

1 71 

7 92 

37 5 

8 

1 

3.63 

7 97 

5 76 

1 78 

5 45 

104.8 

72 0 

39 6 

3 17 

8 93 

29 2 

» 

H 

3 87 

| 7.97 

4 87 

2 62 

5 45 

104 8 

60 8 

38 3 

4 67 

9 54 

24 3 

10 

2 

4 08 

7.97 

3 96 

3 18 

5 45 

104 8 

49 5 

70.6 

5 66 

9 62 

23.5 


Table 191. Effect of Formate Additions. 
Aged Liquors 


No. 

Moles 

Added 

Salt 

pH 

% 

CrsOa 

% ! 

SO a 

% 

! orrnate 

^5 

Milli¬ 

moles 

Cr 

Milli¬ 

moles 

SO# 

Milli¬ 

moles 

Formate 

% 

F or mate 
m Terms 
of % SO# 

Total ! 
Anion 
m % 
SO# i 

% 

Basicity 

1 


3 10 

7.63 

7 30 


5 22 

100 2 

91 3 | 


i 

... 

7 30 

39 4 

2 

A 

3 14 

7.63 

7.11 

0 07 

5 22 

100 2 

89 0 1 

1 55 

0 12 

7 23 

40 0 

3 

1 

3 18 

7 60 j 

7 10 

0.14 

5 19 

99 9 

88 8 ; 

3.11 

0 25 

7 35 

38 8 

4 

l 

3 27 

7 32 | 

6 81 

0 32 

5.00 

96 2 

85 1 

7 11 

0 53 

7 34 

36 5 

5 

f 

i 

3.32 

7 35 ! 

6.61 

041 

5 03 

96 7 

82 7 

0 12 

0 73 

7 34 

36 8 

0 

3.39 

7 35 ! 

6 42 

0 85 

5.03 

96.7 

80.2 

18.9 

1 51 

7 93 

31 6 

7 

I 

3 51 

7 33 

6.02 

1 09 

5 01 

96.4 

75 3 

24 9 

1 94 

7 96 

31 2 

8 

i 

3.63 

7 02 

5.35 

1 33 

4 80 

92 3 

66 8 1 

29 6 

2 36 

7.71 

30 4 

9 


3.83 

7 10 

4 63 

1 52 

4 85 

93 3 

57 8 

33 8 

2 70 

7 33 

34 6 
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Starting in 1940, Theis and Mr collaborators 92 published a series of investi¬ 
gations of the effect of adding masking salts to basic sulfate liquors. They 
tanned 5,0-gram portions of standard hide powder in 100 ml of 33.0 per cent 
basic sulfur dioxide-reduced liquor in which was incorporated the required 
amount of the various masking salts. Tannage was for 48 hours at 25° with 
constant agitation. The tanned powders were placed in a Buchner funnel 



Moles Sodium Formate Added 

Figure 150. The effect of sodium formate additions upon chromium, sulfate, end formate 

fixation by collagen. 

and were washed free of uncombined matter (and also part of the combined 
acid radicals) by treatment with 5 liters of distilled water at 75° over a period 
of two hours. The powders thus washed were then air-dried and analyzed 
for fixed Cr 2 () ;{ and the various combined acid groups. The latter values 
were determined by digesting one gram of tanned powder with 200 ml of 2 
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per cent ammonia solution for two hours at 70°, after which the powder was 
thoroughly washed with distilled water. The combined filtrate and washings 
were then neutralized with hydrochloric acid and the various anions present 
were determined. 

The effects of adding sodium formate in concentrations ranging from zero 
to two moles of formate per gram atom of chromium are shown in Tables 
190 and 191, where the various fixations shown are based upon hide substance. 
Table 190 illustrates tanning results when the chrome liquors were used 
immediately after they were prepared; Table 191, on the other hand, shows 
the effect of allowing the liquors to age for one week after the sodium formate 
additions. The two tables are illustrated in Figure 150, from which we note 


Table 192. Effect of pH of Tanning. 
OM Mol Sodium Formate Added 


Moles 

of 

Added 

Salt 

pH 

% 

OrzOa 

<1 

% 

SO J 

% 

TICOO“ 

Milli¬ 

moles 

Cr 

Milli¬ 

moles 

SO, 

Milli¬ 

moles 

HOOD" 

% 

ITCOO ~ 
m Terms 
of % 
SO, 

Total 
Anion 
as % 
SO a 

% 

Bnsicit \ 

1 

1 3.00 

7.19 

4.92 

6.65 

0.19 

94.5 

83.2 

4 22 

0 34 

6 99 

38 3 

i 

! 3.50 

7.75 

5 30 

6.80 

0.24 

101.8 

86.3 

5.33 

0.43 

7 23 

40 9 

i 

4.00 

8 39 

5.74 

6.82 

0.23 

110.4 

86.5 

5 12 

0 41 

7.23 

45 4 

i 

t 4.50 

| 9.67 

6.62 

| 7 03 

0.42 

127.2 

88.0 

1 9.34 

0.75 

7.78 

49.0 

l 

5.00 

| 1U0 

7.59 

! 7.02 

0.43 

146.1 

87.8 

| 9.56 

0.76 

7.78 

55.6 


Table 193. Effect of pH of Tanning. 
0.75 Mol Sodium Formate Added, 


Moles 

of 

Added 

Salt 


i 


j 

4 



pH 

% 

CrsOa 

- 

nobo* 

% i 

Cr j 

; : 

Milli¬ 

moles 

Cr 

Milli¬ 

moles 

SO, 

Milli¬ 

moles 

HCOO” 

% 

HCOO* 
m Terms 
of % 
80s 

Total 
Anion 
as % 
SO a i 

% 

Batticit' 

3.0 

7.06 

! 6.15 

0 76 

4.83 

93.0 

77.0 

36.9 

1.35 

7.50 

32.7 

3.5 

1 7.61 

1 6.14 

0 76 

5.20 

100.0 

76.9 

16.9 

1.35 

7.49 

37 7 

4.0 

' 8.56 

f 6.05 

1.18 

5.85 

112.5 

75.7 

26.2 

2.10 

8.15 

39.7 

4.5 

9.11 

6.00 

1.47 

0.23 

120.0 

75.1 

32.6 

2 62 

8.62 

40.2 

5.0 

10.10 

5.94 

1.56 

6.92 

133.2 

74 3 

34.7 

2.78 

8.72 

45 3 

5.5 

11.45 

5.89 

1.72 

7.84 

150.1 

73.7 

38,2 

3.06 

8.95 

50.5 

6.0 

12.95 

5.68 

2.08 

8.86 

170.1 

71.2 

46.3 

3,70 j 

9 38 

54.2 


the following. (1) All formate additions caused a slight increase in the 
amount of fixed Cr 2 0 3 from the unaged liquor, but slightly lowered fixation 
in the aged. (2) In the case of both liquors the fixed acid sulfate decreased 
and the fixed formate increased with increasing formate additions. (3) The 
total or overall basicity of the leather increased up to 0.25 per cent mole of 
added sodium formate and then decreased sharply from 1.00 mole onward, 
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Figure J51. The effect of tanning pH upon chromium, sulfate, and formate fixation. 
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in the case of the imaged liquors; leather basicity changes were less apparent 
with the aged liquors. (4) There was a steady rise in the pH values of the 
exhaust liquors as a function of increasing formate additions. 

The effect of pH value of liquors masked with sodium formate are shown 
in Tables 192 and 193. Table 192 illustrates the behavior of unaged liquor 
to which a constant amount of sodium formate (0.25 mole formate per gram 


Table 194. Effect of Sodium Oxalate Additions. 
Immediate Tannage 


Moles 
NaOx 
per Kin 
atom 

Ffnal 

pli 

% 

OrjOs 

sSi 

% 

C*Oi 

C*0< 

a* 

HOj 

Total 

Anions 

UM H< >3 

| Rabinty 

(> 

Milh- 

! mole* 
Cr 

Milli¬ 
moles* 
HO i 

i 

Mi 11 i- 
rnolt h 
CM ) 1 

0 

2.98 

7.40 

6.89 

0.00 

0.00 

6 89 

41.0 

5 07 

97 5 

86 l 

0.0 

h 

3 07 

7.42 

6.53 

0.35 

0.32 

6 85 

41.4 

5.08 

97.8 

81 6 

4.0 

1 

3.18 

7.48 

6.25 

0.82 

0 75 i 

7.00 

40.8 

5.12 

98.5 

78 1 

9.3 

i 

3.36 

7.50 

5.46 

1.66 

1.51 

6.97 

41.1 

5 13 

98.7 

68.3 

18 9 

i 

3.45 

7.56 

4.71 

2.43 

2.21 

6 92 i 

42.0 

5.17 

99.5 

58.9 

27.7 

i 

3.60 

7.57 

4.18 

3 15 

2.86 

7 04 

41 1 

5.18 

99.7 

52 2 

35.8 

4 

4 

4 01 

7.54 

2.89 

4.38 

3.98 

6.87 

42.3 

5 16 

99.3 

36 l 

49 8 

1 

4.35 

7.40 

1.67 

5 56 

5.06 

6 73 | 

42 5 

5.07 

97 6 

20.9 

63 1 

H 

5.25 

4.83 

0.04 

5.04 

4.58 

4.62 

39.4 

3 30 j 

63 5 

0 5 

57.4 

2 

6.15 

1.74 

0.03 

2.47 

2 24 

2 27 

17.5 

1 19 

22 9 

0.4 

28.1 


Table 195. Effect of Sodium Oxalate Additions. 
Aged Liquors 


Molen 
NaOx 
per gin 
atom 

b mal 
pH 

% 

CrjOa 

% 

SO 4 

% 

c,o« 

C*0« 
as % 

SO < 

Totul 

Anions 

HB ( / v 

SO* 

Hup u it > 

cr 

Or 

Mill!- 

moles 

Cr 

Milli¬ 

moles 

SOa 

Milli¬ 
moles 
CM > i 

0 

3.00 

7.56 

6.99 

0.00 

0.00 

6 99 

41.5 

5 17 

99.5 

87.4 

0.00 

A 

3.14 

7.66 

6 84 

0 13 

0.12 

6 96 

42.5 

5 24 

100 8 

85.5 

1 48 

i 

3.18 

7 67 

6.65 

0.41 

0.37 

7.02 

42.0 

5.25 

101.0 

83.2 

4.66 

i 

3.36 

7.89 

6 00 

0 98 

0 89 

6 89 

44 6 

5 40 

103 9 

75.0 

It 1 

1 

3 45 

8.19 

5 91 

1.30 

1 17 

7.08 

45.0 

5 60 

107.7 

73.9 

14.8 


3.60 

8.20 

| 5.05 

2.10 

1.91 

6.96 

46.2 

5.61 

108.0 

63.2 

23.9 

3 

4 

4.02 

8.30 

3.73 

3.55 

3.23 

6.96 

46.9 

5 68 

109 3 

46.7 

40.3 

1 

4.35 

8.35 

2.25 

4 87 

4.43 

6.68 

49.3 

5.72 

110.0 

28 2 

55 8 

n 

5.24 

6.40 

0.10 

5 31 

4.83 

4.93 

51.2 

4.38 

84.1 

1.2 

60.3 

2 

6.30 

1.47 

! 0.07 

i 

2.07 

1.88 

1 95 

16.0 

1.01 

19.4 

0.9 

23.5 


atom of chromium) was added but whose pH values were varied as shown; 
while Table 193 illustrates the same phenomena in the presence of 0.75 mole 
added formate. These two tables are illustrated in Figure 151, from which 
we note: (1) Fixation of Cr 2 0 3 increases in all cases with rising pH values. 
(2) Fixed acid sulfate increases with rifting pH values in the presence of 0.25 
mole formate, but slightly decreases with 0.75 mole. Fixed formate increases 
only slightly at 0,25 mole but rises rapidly at 0.75. 
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Similar studies were made as to i/he effect of adding increasing amounts of 
sodium oxalate. The results arc given in Tables 194 and 195, and are illus¬ 
trated in Figures 152 and 153, from which we note: (1) Oxalate additions 

0 1 2 


Moles Sodium Oxalate Added, 



Figure* 152. The effect of sodium oxalate additions upon chromium, oxalate, 

and sulfate fixation. 


have but little effect upon chrome fixation of unaged liquors until 1.00 mole 
oxalate has been exceeded, whereas fixation from the aged liquor increases 
up to 1.00 mole. (2) Fixed acid sulfate decreases (reaching practically zero 
value at 2.00 moles) and fixed oxalate rises and then declines at the higher 
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concentrations of added oxalate. When the amount bf added oxalate was 
held constant (0.25 and 0.75 mole) and the pH values of the liquors were 
adjusted to range from 3.00 to 7.00, the shapes of the curves (Figure 153) are 
quite similar to those shown for the formate series (Figure 151), with the 
exception of the very much lowered fixation of acid sulfate with rising pH 
values of the oxalate tannage. But it must be borne in mind in the latter 
connection that these contrasting effects may not strictly hold, since we are 
comparing molarities of a mono- and a dibasic salt. 


Table 196. Effect of 'Fanning pH. 


Moles 

<»t 

Added 

Salt 

pH 

% 

Or,0, 

Or 

% 

HO, 

Oxalate 

Milli¬ 

moles 

Or 

Milli¬ 

moles 

SO, 

Milli¬ 

moles 

Oxalate 

% 

Oxalute 

tlH % 

SO, 

Total 
Amon 
as % 
SO, 

„ % 
Basicity 

4 

3.00 

7.50 

5 13 

6 43 

0 94 

98.7 

80.4 

10.7 

0.85 

7.28 

38.5 

\ 

4 

3.50 

8.29 

5.67 1 

6.48 

1.13 

! 109.1 

81.2 

128 

1.03 

7.51 

42.6 

1 

4 

4.00 

8.86 

6.06 

6.46 

1.23 

| 116.5 

80.7 

14.0 

1.12 

7.58 

45.8 

1 

( 

4.50 

9.46 

6.47 

6.31 

1.31 

124.3 

78.8 

14.9 

1.19 

7.50 

49.8 

l 

i 

5.00 1 

10 40 

7.13 

6 26 

1.55 j 

137.0 

78.4 

176 

1.41 

7.67 

53.3 

X 

4 

5 50 

13.30 

9.12 

6.10 

2.16 

175 2 

76.3 

j 24.6 

1.97 

i 

8.07 

61.6 


Table 197 Effect of Tanning pH. 


Moles 

of 

Added 

Salt 

!>» 

% 

OliOl 

% 

SOi 

% 

0 , 0 ,- 

r/ 

Cr 

Milli¬ 

moles 

Or 

Milli¬ 

moles 

SO, 

Milli¬ 

moles 

C 2 O 4 * 

% O 5 O 4 
in Terms 
of % 
St), 

Tot al 
Anion 
as a / 

*°L 

(>/ 

VO 

Basicity 

j 

4 

30 

7.70 

4 44 

2.97 

5 27 

101 4 

55.5 

33.8 

2.70 

7.14 

41.4 

') 

4 

3 5 

8.48 

4 13 

3.48 

5.80 

m 5 

51.7 

39.6 

3.16 

7.29 

45.6 

4 

4.0 

9.16 

3 84 

3.73 

6 27 

120.7 

48.0 

42.4 

3.39 

7.23 

50.0 

4 

4 1 

4 5 

9.42 

3.56 

4.04 

6.44 

123 8 J 

44.5 

45 8 

3.68 

7.24 

51.3 

3 

4 

5 0 

10.30 

3 28 

4.00 

7 05 

135 7 

41.0 

51.7 

4.18 

7.46 

54.1 

, 

4 

5.5 

10.90 

2.73 

6 33 

7.45 

143 3 

34 2 

60 6 

4.85 

7.58 

55.9 

,1 

4 

6 0 

12.30 

1 62 

6.22 

8.42 

162 0 

20.3 

70.7 

5.65 

7.27 

62 6 

6 5 

12.55 

0 62 j 

6.93 

8 58 : 

165.0 

7.75 

78.8 

6.30 

1 6 92 

65 1 

4 

4 

7.0 I 

11.70 

0 27 1 

7.40 

8.68 

167.0 

3 38 

| 84.1 

6 73 

i 7.00 

65.1 


When sodium acetate was employed the results shown in Tables 198 and 
199 were obtained and they are illustrated in Figure 154. The figure shows 
that whereas the addition of acetate does not greatly affect the chrome fixation 
from unaged liquor, it drastically lowers fixation when the liquor containing 
acetate is aged for one week before use. This is an interesting example of 
the fact that time is required for the penetration of an ion into the chrome 
complex. Fixed acid sulfate declines rapidly as a function of acetate con¬ 
centration and fixed acetate rises. 

The effect of adding sodium lactate, without any adjustment of the pH 
value of the various liquors, is illustrated in Table 200, where bated skin 










486 


CHEMISTRY OF LEATHER MANUFACTURE 


strips were employed instead of hide powder. The liquors shown in thk 
table were aged for one week after the lactate additions. Table 200 shows \ 
progressive increase in the pH value of the liquors, both before and afte 
tannage, as a function of increasing lactate. The shrinkage temperature of th< 
tanned strips drops from 120° for the control to 108° in the presence of 1.0( 


Table 198. Effect of Sodium Acetate. 
Immediate Tannage 


Moles of 

pH 



Milli¬ 
moles 
of Cr 

Sulfate 
aw SO j 


Miili- 

Milli¬ 

moles 

Acetate 

% Acetate 

Total % 


Added Salt 
per g:m 
Atom of Or 

After 

Tan¬ 

ning 

% 

CY 2 O 3 

% 

Cr 

Ct 

70 

Acetate 

moles 
Sulfate 
as SO 3 

111 Terms 

of % 
SO* 

of Anions 
of % 

SO 8 

% 

Hameit v 


3.03 

7.70 

5 27 

101.3 

7.40 


92.5 



7.40 

39.2 

A 

3.04 

7.75 

5 30 

101.8 

7 32 

0 20 

91.5 

3 i 

0 27 

7.59 

38 0 

4 

3.10 

7.80 

5.34 

102.7 

7.21 

0.22 

90.3 

3.7 

0.30 

| 7 50 

39.1 

4 

3.16 

7.83 

5.36 

103.0 

6.93 

0.74 

86.7 

12.4 

1.00 

7 93 ! 

35.8 

4 

3 27 

7.98 

5 46 

105 1 

6.75 

1.13 

! 84.5 

19.2 

1.53 

8 28 ! 

34.7 

l 

3.38 

7.78 

5.32 

102.2 

6.50 

0.92 

! 81.3 

15 6 

1 24 

7.74 

37 1 

3 

l 

3.57 

7.82 

5.35 

102.8 

6.42 

2.40 

80.3 

40.7 

3 26 

9 68 

21 5 

1 

3.80 

7.70 

5.27 

101.3 

5.18 

2.87 

! 64.8 

48.6 

3.89 

9.07 

25.4 

n 

4.22 

7.78 

5.32 

102.2 

3.77 

3.84 

47.2 

65.0 

5.20 

8.97 

27 0 

2 

4.54 

! 7.50 

5.13 

98.8 

2.78 

i 

5.13 

34 9 

87.0 

6.95 

9.73 

17.8 


Table 199. Effect of Sodium Acetate 
Aged Liquors 


Moles 
of ! 

Added 
Salt. 

pit 

After 

Tan¬ 

ning 

% 

Cr*Oa 

% 

Cr 

% 

St h 

% 

Acetate 

Milli¬ 

moles 

Cr 

Milli¬ 

moles 

HO* 

Milli¬ 

moles 

Acetate 

% Acetate 
in Terms 
of % 

St >3 

Total 
Aruons 
as % 
SOi 

"A 

Basicity 


3.12 

7.82 

. 5.35 

7.58 


102 8 

94.6 



7 58 

38.6 

A 

3.08 

7.77 

5.32 

7.50 

1.55 

102.2 

93.8 

26 2 

2.10 

9.60 

21.7 

* 

3.10 

7.63 

5.22 

7.24 

1 70 

101.3 

90.5 

28.8 

2.30 

9 54 

210 

l 

3.21 

7.43 

5.08 

6.91 

1.86 

97.7 

86.4 | 

31 5 

2.52 

9 43 

19 7 

a 

i 

3.30 

7.22 

4.94 

6.57 

2.21 

95.0 

82.2 

37.4 

3.00 

9.57 

16.0 

3 38 1 

7 20 

4 92 

6.30 

2 35 

94.5 

78 8 

39.9 

3 18 

9 48 

36.5 

a 

4 

3.56 | 

6.93 

4.74 

5.70 

2.88 

91.1 

71.3 

48.8 

3 91 

9.61 

122 

1 

3.75 

6.86 

4.70 

5.00 

3.36 

; 90.3 

62.5 

! 57.0 

4 56 

9.56 

11 8 

H 

4.13 

6.03 

1 4.12 

3.59 

5.08 

79.2 

44.8 

73 7 

6.90 

10.49 

-10.2 

2 

4.52 

4.78 

3.27 

; 2.16 

7.06 

62 9 

27.0 

119.5 

9.58 

11.74 

- 55.5 


mole of lactate and is only 75° with 6.00 moles. Fixed chrome decreases 
steadily with increasing lactate concentrations, as does the fixed acid sulfate. 
Fixed lactate ion increases up to 2.00 moles added lactate and then sharply 
decreases with further lactate concentration. The same general results arc 
obtained when the pH value of the various aged liquors were adjusted to a 
common value of 3.0; this value was maintained throughout the entire tanning 
period. The results are shown in Table 201 and Figure 155. When the liquor 
contained a constant amount of added lactate (1.00 mole per gram atom of 
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Moles Acetate Added. 

Figure 154. The effect of sodium acetate additions upon chromium, sulfate, and 

acetate fixation. 
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Table 200, Effect of Sodium Lactate. 
(Natural pH of jwepared liquors) 


Moles 

Sodium 

Lactate 

P©r 

atom Or 

pH 

before 

Tan¬ 

nage 

PH 

after 

Tan¬ 

nage 

Average? 

Shrink¬ 

age 

Temp. 

(°C) 

** 

% 

CrsOs 

*JU 

&. 
tate 
Ion 
as SO s 

T btal 
Anion 
as 

so 3 % 

% 

Basicity 

Milli¬ 

moles 

so»/ioo 

g- 

Milli¬ 

moles 

Lactate 

Ion 

per 100 
*. 

g 

i 

Milli¬ 

moles 

Cr/100 

g. 

0 

2.85 

3.20 

120 

G 64 

7 32 



6.64 

41.9 i 

83 0 


4.05 

95.2 

A 

3.23 

3 28 

115 

6,29 

7 05 

0.42 

o.io 

6.48 , 

41.7 

78.5 

4 7 

4.82 

92 7 


3 50 

3 30 

no 

6.16 

7,05 

0.68 

0.31 

6.47 

41.8 

77.0 

7.7 

L82 

92.7 

| 

3.72 

3.38 

116 

5.82 

7.01 

1.23 

0 55 

6.37 

42.4 

72 8 

13,8 

4 80 

92.3 

I 

4 05 

3.55 1 

114 

4.90 

6.34 

1.98 

0.89 

5.79 

42.2 

613 

22.2 

4 34 

83.4 

| 

4 10 

3.70 ! 

112 

3.97 

6.31 

3 21 

1.44 

5.41 

45 6 

49 7 

36 1 

4.32 

83.0 

1.0 

4 15 

3 80 

108 

3.26 

5.73 

3.51 

1 58 

3.84 

57.6 

40.7 

30 4 

3.92 

75 4 

1 5 

4 20 

3,90 

104 

1 94 

5.36 

4.60 

2 07 

4.01 

52 6 

24 2 

49.4 

3 67 

! 70 5 

2 0 

4.30 

4 15 

98 

1 28 

4.70 

5.05 

2.28 

3.56 

52.0 

16 0 

i 56.8 

3 22 

61 9 

30 

4.51 

4.45 

91 

0 66 

2.81 

3 86 

1.74 

2.40 

49.9 

8 3 

43.4 

1.92 

36 9 

40 

4 70 

4 65 

86 

0,29 

2.50 

3.26 

1.47 

1 76 

55.4 

3.7 

36 6 

1.71 

32 9 

5,0 

4 80 

4 80 

81 

0 29 

1.44 

3.07 

1 38 

1.67 

26 5 

3.6 

34.5 

0 09 

19 1 

6.0 

4.02 

4.90 

75 

0 24 

1 38 

2 48 

1.12 

1.36 

37.6 

3.1 

27 9 

0.95 

18 3 


Table 201. Effect of Sodium Lactate. 
(pH of liquors adjusted to #) 


Moles 
Sodium 
Lactate 
per g. 
atom Cr 

Aver¬ 

age 

Shrink¬ 

age 

Temp. 

co ; 

% 

so* 

% 

Cr,0« 

, % 

14iCt&tC 

Ion 

% 

Lactate 
Ion 
as SOa 

Total 

Amous 

as 

SOa% 

r % 
Basicity 

Milli¬ 

moles 

SO*/ 

100 g 

Milli¬ 
moles 
Lactate 
ion per 

100 g. 

S 

Milli¬ 

moles 

Cr/100 

g 

0 

114 

6,48 

6.57 



6.48 

37.5 i 

81.0 


4.50 

86.5 

fa 

114 

6.40 

6.50 

0.63 

0.28 

6.68 

34.9 

80.0 

7 .i 

4.45 

85.5 

\ 

112 

i 6.20 

6.39 

0.83 

1 0.37 

6.57 

34.8 

77.5 

9.3 

4.37 

84 . L 

i 

112 

5.86 

6.12 

I 1.09 

0.49 

6.35 

34.3 

73.4 

12.3 

4.19 

80.6 

f 

105 

1 4.84 

5.19 

1.48 

0.67 

5.51 

32.8 

60.5 

16.6 

3.55 

68.3 

i 

101 

4.60 

4.65 

2.08 

0.94 

5.54 

24.5 

57.5 

23.4 

3.18 

61.1 

l 

97 

3.74 

4.05 

2.65 

1.19 

4.93 

22.9 

47.0 

29.8 

2.77 

53.2 

1.5 

88 

3.36 

3.11 

2.82 

1.27 

4.63 

5.6 

42.0 

31.7 

2.13 

41.0 

2.0 

81 

2.69 

2.67 

2.58 

1.16 

3.85 

8.6 

33.6 

29.0 

1.83 

35.2 

3.0 

73 

2.50 

1 1.99 

2.38 

1.07 

3.57 

- 13.8 

31.2 

26.8 

1.36 

26.2 

4.0 

66 

2.36 

1.46 

2.38 

1.07 

3.43 

- 48.9 

29.5 

26.8 

1.00 

19.2 

5.0 

62 

2.25 

1.18 

1.78 

0.80 

3.05 

- 63.8 

28.1 

20.0 

0.81 

15.6 

6.0 

58 

2.12 

0.93 

1.39 

0.63 

2.74 

- 86.8 

26.5 

15.6 

0.64 

12,3 


Table 202. Effect of Sodium Lactate. 
(pH of liquors adjusted from 2.5 to 5) 


pH 

% 

CrsOa 

& 

A 

% 

Lactate 

Ion 

% 

Lactate 
Ion as 
SO» 

% Total 
Anions 
as SO* 

% 

Basicity 

Milli¬ 
moles 
SO» per 
100 g ' 

Milli¬ 
moles 
Lact Ion 
per 100 g 

Milli¬ 
moles 
Cr/100g 

2.5 

2.83 

1.94 

3.74 

2.38 

1.07 

4.81 

- 7.8 

46.7 

26.8 

37.3 

3.0 

4.40 

3.01 

3.81 

3.07 

1.38 

5.19 

25.2 

47.6 

34.5 

57.9 

3.5 

5.54 

3.79 

3.67 

3.46 

1.56 

5.23 

40.2 

45.9 

38.9 

72.8 

4.0 

6.64 

4.54 

2.99 

4.50 

2.02 

5.01 

52.2 

37.4 

50.5 

87.2 

4.5 

7.39 

! 5.05 

2.68 

4.95 

2.23 

4.91 

57.9 

33.4 

55.6 

97.1 

5.0 

__ : 

8.44 

| 5.77 

1.87 

5.92 

2.66 

4.53 

66.0 

23.4 

66.5 

111.0 


Original pH of liquor « 3.80 
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chromium) and the maintained pH values were varied, the results shown in 
Table 202 and Figure 156 were secured. The chrome fixation rises steadily 
as a function of increasing pH values, the fixed acid sulfate declines and the 
fixed lactate increases. 


120 



Moles Lactate Added. 

Figure 155. The effect of sodium lactate additions upon the shrinkage temperature and 
upon the chromium, sulfate, and lactate fixations when the chrome liquors are 

adjusted to pH - 3. 

In considering the experiments of Theis and his collaborators which have 
just been described, the following reservations must be recognized. The 
various tannages probably did not reach equilibrium; this is evident from the 
fact that the hide powder controls fixed only about 7.70 per cent O 2 O 3 . 
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The water-washing given after tannage removed unknown amounts of fixed 
acid radicals (see Table 175). The method employed for determining the 
fixed acid radicals remaining in the washed leathers has not been shown to 
yield highly accurate results; masking ions have great power of complex 



pH of Tannage. 

Figure 156. The effect of neutralization of lactate chrome liquors upon fixation of 
chromium, lactate, and sulfate. 

penetration and it is by no means certain that they are completely removed 
by digestion with dilute ammonia solution. But with these several limita¬ 
tions in mind, the results given are of interest and illustrate the powerful 
effect of masking salts upon the tanning behavior of basic chrome sulfate. 


It is to be hoped that further work with masked chrome liquors will be 
pursued. But we would suggest that care be taken to insure complete tan¬ 
nage and that uncombined matter be removed by hydraulic pressing rather 
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than by the unsatisfactory washing procedure. And an accurate method for 
determining the various anions fixed by hide substance from masked liquors 
is urgently needed. 

Chromiates 

When a masking salt, such as sodium oxalate* is added to a basic chrome 
sulfate or chloride, a system of great complexity results, as we have seen in 
the previous section. But if sodium dichromate is reduced with oxalic acid 
a less complicated system is obtained. Pure oxalato-chromiates may be 
prepared by reducing chromic acid with oxalic acid in the presence of sodium 
oxalate. The compounds which result depend upon the proportion of chromic 
acid to oxalate employed and upon concentration, temperature, pH value, 
and the amount of alkali metal present. Werner has described the following 
classes of oxalato-chromiates: 


3NaH<MCt0 4 )*l 
Na + [Cr(H,0) 2 (C/) 4 )d“ 
2Na f [Cr(11,0) (OH) (C 2 0 4 )d * 
3 N a + [ (> (() H) 2 (C 2 0 4 ) a 1 ~ 


Sodium trioxalato-chromiate 
Sodi um d iox i il ato-diaquo-chromiate 
“ Sodium dioxaluto-aquo-hydroxo-ehromiate 
““ Sodium dioxalato-hydroxo-chromiaie 


The hydroxo- compounds may unite to form olated compounds. Thus two 
molecules of the sodium dioxalato-aquo-hydroxo-chromiate noted above yield 
the following olated compound: 


4Na+ (OjO.)sCr 0(0*0.)* — 


Compounds similar to those noted above may also be formed with acetate 
tartrate, formate, and other ions. 

In 1926, 25 Gustavson tanned hide powder with oxalato-chromiate. This 
compound was prepared by reducing sodium bichromate with oxalic acid, 
according to the following equation: 

Na*Cr s 0 7 + 7H 2 (I 2 0 4 —^ 2Na[(H 2 0) s Cr(C a b 4 )J + 3H a 0 + 6C0*. 

A hot saturated solution of oxalic acid was added to a hot solution of bichro¬ 
mate, with continuous stirring. The resulting solution, at completion of 
reduction, was then boiled for 30 minutes to expel carbon dioxide. Alkali 
was then added to portions of this stock solution to give a series of basic 
liquors; this reaction, leading to the formation of hydroxo compounds, may 
he represented thus: 


Na (Il,0)iCr(C,0 4 )* 


+ NaOH • 


•Na* HO Cr ' (Cs °‘>* 


+• 1I 2 0 


It will be recognized that the compound produced is the cis form, and this 
form is presumed, upon aging, to change slowly into the olated compound 
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already described. Gustavsoris solutions were aged for six months before use. 
Instability of the compound was noted when the liquor's pH value ranged 
from 8.0 to 8.5. 

Two grams of hide powder were agitated for 48 hours at room temperature 
with 100 ml of the various solutions. Four different chrome concentrations 
were employed, ranging from 5.0 to 55.0 grams Cr 2 0 8 per liter. The pH 
values of the residual chrome liquors were electrometrically determined. The 
results of the experiments are shown in Figure 157, where the grams of Cr 2 () 3 
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pH Value of Residual Solution. 


Figure 157. Fixation of chromium by hide powder from solutions of sodium 
oxalato-chromiate as a function of pH value. Concentration of solutions in 
grains Cr-jOi per liter: I, 5.0; II, 10.0; III, 24.0; 3V, 55.0. 2 grams collagen 

treated with 100 cc solution for 48 hours. 

fixed by 100 grams of collagen are plotted against residual pH values. Gus~ 
tavson did not state whether the tanning period employed was sufficient to 
ensure the attainment of tanning equilibrium. 

It will be noted from Figure 157 that there is, in each concentration series, 
a maximum chrome fixation which shifts from a pH value of 5.70 to 4.01 as 
the concentration rises from 5.0 to 55.0 grams of Cr 2 0 3 per liter. Gustavson 
suggested that combination occurs between the anionic chrome and the basic 
protein groups by moans of secondary valence forces, and he stressed that such 
forces would be at a maximum at the isoelectric point of the protein. This 
important point, together with the bearing which chromiate tanning has 
upon our concept of the mechanism of chrome tanning, will be discussed 
when we consider the theory of chrome tanning. 
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In unpublished experiments, Theis has studied the tanning behavior of 
chroraiates—sodium dioxalato- and trioxalato-chromiate as well as sodium 
tetraformato-ehromiate. These compounds were prepared in the crystalline 
form and their electrical migration was entirely anionic. Skin strips were 
tanned 48 hours with constant agitation at 25°, and then removed. One 
specimen was pressed twice at 5000 pounds and analyzed, and a duplicate 
specimen was tested for its shrinkage temperature. 

Table 203 shows the result of tanning the equivalent of 5.0 grams of dry 
strips in 100 ml of liquor containing the amounts of Cr 2 0 3 shown, all liquors 
having been adjusted to a pH value of 5.0. 


Table 203. Sodium dioxalato-chromiate. 


Gms Cr 20 a 

Cr?G> Fixed on 

Final hquor 

Shrinkage Temp. 

per 100 ml 

H.B. (%) 

pH value 

(°C) 

0.25 

2.35 

4.95 

88 

0.50 

3.34 

4.80 

93 

0.75 

4.06 

4.60 

95 

1.00 

4.51 

4.60 

95 

1.50 

5.36 

4.55 

99 

2.00 

6.13 

4.55 

98 


When the pH value of solutions of the sodium dioxalato-chromiate, con¬ 
taining 0.50 grams O 2 O 3 per 100 ml, was varied by additions of oxalic acid 
or sodium hydroxide, the results shown in Table 204 were obtained. Exactly 
similar experiments were then run with the trioxalato with results given in 
Tables 205 and 20G. 

The values detailed in these four tables indicate that whereas a con¬ 
siderable degree of tanning occurs when the dioxalato compound is employed, 
the trioxalato compound has but slight tanning value. 


Table 204 


Final liquor 

0*0 j Fixed 

on 

Shrinkage Temp 

pH value 


H S (%) 


<°C) 

0.90 




38 

1 95 


2.16 


42 

3.02 


2.66 


71 

4.00 


3.40 


88 

4.58 


3.52 


92 

5.41 


2.96 


92 

6.70 


1.64 


82 

7.72 


0.92 


72 

8.52 


0.74 


70 



Table 205 


Om» Cr-iO* 

CrjOa Fixed 

on 

Final liquor 

Shrinkage Temp 

iw 100 ml 

H S (%) 


pH value 

PC) 

0.25 

0.51 


5.30 

62 

0.50 

0.66 


5.10 

61 

0.75 

0.82 


5.05 

60 

1.00 

0.98 


5.01 

60 

1.50 

1.26 


4.90 

57 

2.00 

1.28 


4.90 

57 
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Table 206 


Final liquor 

Cr*Oa Fixed on 

Shrinkage Temp. 

pH value 

H.8. (%) 

(° C) 

1.04 

1.50 

47 

2.00 

1.95 

51 

3.18 

1.66 

52 

4.60 

0.78 

58 

6.20 

0.63 

60 

6.15 

0.49 

61 

6.88 

0.42 

64 

7.38 

0.38 

67 

8.10 

0.48 

68 

8.28 

0.51 

68 

8.80 

0.57 

. 68 

9.70 

0.82 

68 


The results of employing sodium tctraformato-chromiate in a concentra¬ 
tion of 0.50 grams Cr 2 0 3 per 100 ml are shown in Table 207. At the com¬ 
pletion of the 48-hour tanning period noted, 3.0 ml of formaldehyde (40 per 
cent) were added to the exhaust tan liquors of a duplicate set and tanning 
was continued for an additional 24 hours. 


Tabic 207 


Final liquor 
pH value 

,-N„ CT 

OraOa Fixed on 

IjO added- 

Shrinkage Temp. 

—-3 On,} 

Final liquor 

CH O added-> 

Shrinkage Temp 

HS (%) 

(° C) 

pTl value 

(°C) 

1.00 

0.57 

39 

1 00 

42 

2.15 

2.45 

66 

2.05 

72 

3.00 

4.08 

87 

3.00 

91 

4.00 

6.00 

109 

3 98 

112 

4.98 

6.81 

118 

4 91 

130 

5.28 

7.95 

122 

5.25 

133 

5.59 

7.77 

121 

5.60 

131 

6.40 

6.67 

114 

6,67 

327 

7.90 

3.74 

90 

7.91 

116 


It will be noted from Table 207 that retannage with added formaldehyde 
appreciably increases the shrinkage temperature of the leather. 

X-ray Examination of Chrome Leather 

The numerous studies which have been made of the x-ray diagrams of 
various leathers are described on pages 602 to 604. These investigations 
show that chrome tanning changes the diagram of the untanned skin but 
that when the leather is dechromed the diagram of the untanned skin is 
completely restored. 

pH Values of Chrome Liquors 

The pH value of a chrome liquor is changed upon the addition of acid or 
alkali, or when its free acid is removed by the presence of hide substance. 
The value varies also as a function of the aging or heating of the liquor and 
upon the addition of neutral salts, as we have seen; and it must be kept in 
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mind that basic chrome solutions are buffer systems. The pH value of liquors 
of the same basicity and concentration may vary widely as a function of their 
past history. In oilier words, the pH value of a chrome liquor may not be 
profitably employed without considering its limitations. When such limita¬ 
tions are kept in mind, however, we can often detect, by means of pH value 
determinations, changes which may occur in a given tanning system. On 
the other hand, the tanning behavior of a chrome liquor is not necessarily 
related directly to its pH value. 

Isoelectric Zones of Chrome Leathers 

In 1929, Gustavson 26 determined the effect upon the isoelectric point of 
hide powder when it is tanned with either cationic or anionic chrome com¬ 
pounds. He employed the dye technique described in Chapter 17. Cationic 
tanning, by means of basic chrome sulfate liquor (containing only cationic 
chrome), caused the isoelectric point to rise from a pH value of 5.0 to from 
0.0 to 7.0. When the powder was tanned with oxalato-chromiate liquor 
containing only anionic chrome, the pH value dropped to 3.8 to 4.8. These 
iindings could be interpreted to mean that the cationic chrome combined 
predominantly with acid protein groups, and the anionic with basic groups. 
But Stiasny 76 has pointed out that such conclusions do not necessarily follow, 
since if secondary valence combination occurred between the chrome and the 
carbonyl oxygen of the skin, a shifting of the protein's isoelectric point would 
result. 

In 19 41, 93 Theis tanned hide powder with 33.3 per cent basic sulfate 
(sulfur dioxide-reduced) liquor to which had been added increments of eleven 
different salts, as shown in Figure 157A. Five grains of hide powder were 
tanned for 48 hours with constant agitation at 25° in 100 ml of chrome liquor. 
The tanned powders wen* then filtered under suction and were thoroughly 
washed with water, whereby unfixed matter and part of the fixed acid radicals 
were removed. They were then dried, reground, and their isoelectric points 
determined by suspending the powders in a buffer solution and employing 
the Graham vertical cataphoresis cell. The effect of the various salts upon 
both isoelectric point and chrome fixation are shown in the figure. 

We note that all the added anions have shifted the isoelectric point, which 
Theis believes to be due to a neutralization of collagen amino and carboxyl 
groups. 

Effect of Deaminization 

In 1923, Hitchcock 32 deaminized gelatin by treating it with nitrous acid, 
after which the gelatin contained no amino nitrogen which was detectable by 
cither the Van Slyke or the formol titration methods. Hitchcock then 
determined the comparative acid-combining capacity of deaminized and 
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MOLS OF ADDED SALT PER GRAM ATOM CHROMIUM 



0 1 2 3 

MOLS or ADDED SALT PER GRAM ATOM CHROMIUM 

Figure 157A. Data indicating OraOs fixation and isoelectric point by addition 
organic salts to a basic chromium sulfate liquor. 
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untreated gelatin by titration with hydrochloric /acid, and found that 
deaminization had reduced the maximum acid-binding power of the gelatin 
by about 50.0 per cent. 

McLaughlin and Adams, in an unpublished study, have investigated the 
effect of deaminizing calf skin squares (see page 359) upon their capacity to 
bind sulfuric acid. This was done by placing 10 . 0 -gram portions of both 
regular and deaminized squares in 8 . 0 -oz. stoppered bottles and adding 
sufficient distilled water to hydrate the squares; after 30 minutes the required 
amount of sulfuric acid was added, together with sufficient water to give a 
final volume of 100.0 ml. The bottles were then continuously rotated for 
24 hours at 19 rprri and at 70° F, this time period having been found to be 
sufficient for the attainment of equilibrium. At the end of the 24 hours' 
agitation, the samples were removed, drained and pressed twice in a hydraulic 
press at a pressure of 5000 lbs per sq in, which removed all uncombined acid. 
They were then air-dried, ground, and analyzed for nitrogen and fixed acid. 
The results arc shown in Table 208, where all values are on hide substance 
basis. 


1 able 208 


(%) 

*u'kI fixed by 
undeunnmzod huh* 
substance (%) 

(ft) 

Acid fixed by 
deaminized hide 
substance (%) 

<b) 

(b) + (a) 

5.00 

4.44 

2.50 

56 

6.00 

4.72 

2.85 

60 

8.00 

5.38 

3.07 

57 

10.40 

5.93 

3.50 

59 

11.20 

6 06 

3.63 

60 

12.00 

6.08 

3.97 

65 

13,00 

6.37 

3 99 

63 

14.00 

6.44 

4.12 

64 

15.00 

6.46 

4.19 

65 

16.00 

6 65 

4.22 

64 

18.00 

6.83 

4.51 

66 

19.00 

7.00 

4.57 

65 


In 1926, Thomas and Kelly 103 suggested that if the basic groups of collagen 
play a role in chrome tanning, their removal by deaminization should markedly 
affect the fixation of chrome. They therefore deaminized standard hide 
powder according to the method employed by Hitchcock for gelatin. The 
hide powder before and after deaminization contained 17.91 and 17.64 per cent 
nitrogen, respectively, on dry basis; this difference in nitrogen content was 
assumed to be an index of deaminization. Portions of both powders equiv¬ 
alent to 5.00 grams dry basis were tanned for 48 hours (presumably at room 
temperature) with constant agitation in 200 ml of 52.0 per cent basic chrome 
sulfate solutions, containing varying concentrations of O 2 O 3 , as shown. The 
samples were then washed free of uncombined matters and were dried and 
analyzed; the results are given in Table 209. From their results, Thomas 
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and Kelly concluded that the basic groups of collagen play a significant role 
in tanning. 

Table 209 


GramH CryOa 

pH . 

original 

pH exhaust 
liquor 
regular 

pH exhaust 
liquor 
deaminized 

✓——Cr*0» hxed on-* 

IT.S. (%) 

Reg Dcam. 


per liter 

solution 

hide powder 

hide powder 

(a) 

rt>) 

(b) 4- (a) 

3.00 

3.32 

3.70 

3.58 

9.00 

7.00 

77 

7.08 

3.27 

3 38 

3.43 

16.00 

7.90 

49 

10.90 

3.23 

3.36 

3.37 

19.80 

8.50 

43 

15.00 

3.17 

3.33 

3.33 

19.50 

9,20 

47 

19.90 

3.18 

3.29 

3.28 

17.% 

9.40 

53 

24.90 

3.17 

3.26 

3.24 

16.70 

8.90 

53 

34.60 

3.13 

3.20 

3.20 

16.30 

9.00 

55 

49.90 

3.05 

3.13 

3.12 

15.30 

8.90 

58 

75.30 

2.98 

3.00 

3.02 

13.80 

7.70 

56 

125.30 

2.92 

2.87 

2.88 

10.20 

4.30 

42 


In 1926 and 1927, Gustavson 25 also studied the effect of deaminization of 
hide powder upon its power of fixing both cationic and anionic chrome com¬ 
pounds, employing Hitchcock’s deaminization method. He tanned 3.00- 
gram portions of powder with 100 ml of a sodium oxalato-chromiate, contain¬ 
ing 12,0 grams Cr^O* per liter for 48 hours, presumably at room temperature. 
The pH values of the various solutions, which contained a constant amount of 
chrome, were so adjusted that the values of the exhaust solutions were as 
shown in Table 210. 

Table 210 





✓-Per e 

rnt 0*0 4 Fixed—' —- 



/-pH value Exhaust liquor— 

Regular 

Deaminized 



Regular 

Deaminized 

powder 

powder 


No. 

powder 

powder 

(a) 

(b) 

(b) + (a) 

1 

4.50 

4.31 

4.96 

3 93 

79 

2 

4.68 

4.58 

5.94 

4.50 

76 

3 

4.97 

4.75 

6.73 

5.17 

77 

4 

5.16 

5.01 

7.09 

5.48 

77 

5 

5.45 

5.28 

0.78 

5.02 

74 

6 

5 70 

5.52 

5.45 

4.55 

83 


Gustavson 47 then tanned both regular and deaminized hide powder with 
basic chrome chloride and with basic chrome sulfate, employing 2.0-gram 
portions of dry hide powder and 100.0 ml of chrome solution, for 48 hours, 
presumably at room temperature. The comparative CrsCh fixations on hide 
substance were as follows: 50.0 per cent basic chrome chloride: 20.8 grams 
Cr 2 0 3 per liter, regular 11.05 and deaminized 8.12 per cent; 38.5 per cent basic 
chrome chloride: 15.2 grams Cr 2 0 3 per liter, 8.25 and 6.02 per cent; 59.0 per 
cent basic chrome sulfate: 18.3 grams O2O3 per liter, 20.06 and 9.12 per cent; 
37.0 per cent basic chrome sulfate: 18.0 grams Cr 2 0 3 per liter, 11.89 and 7,38 
per cent. In commenting upon his experiments, Gustavson suggested that 
the decreased fixation from the chromiate solutions by the deaminized powder 
was a function of the removal of basic groups, indicating that the reaction was 
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“The formation of molecular compounds betwoen the anionic chrome com¬ 
plexes and the hide protein by means of its basic groups.” Gustavson stressed 
the fact that maximum fixations occurred (see Table 210) at the isoelectric 
point of the protein, indicating that a primary valences reaction was not 
involved. In commenting upon his findings with cationic chrome com¬ 
pounds, Gustavson suggested: “The above data evidently favor the view 
that the inhibition of cationic chrome fixation by hide protein possessing a 
less number of reactive groups than regular protein is connected with the 
diminished acid combining capacity of the structurally altered hide powder.” 

McLaughlin and Adams, in an unpublished study, have investigated the 
comparative chrome-fixing power of regularly prepared calf skin squares and 
of squares deaminized after preparation. This was done by tanning 25.0- 
gram portions of squares in 250 ml of a 35.0 per cent basic chrome sulfate and 
of the concentrations shown in Table 211. Tanning was for 48 hours at 
90° F and with constant agitation at 19 rpm; experiment showed that tanning 
equilibrium was reached with such treatment. At the end of the tanning 
period, the squares were drained and were pressed twice at 5000 lbs per sq in, 
whereby all unfixed chrome was removed. The squares were then dried, 
ground, and analyzed. The results are given in Table 211, where all results 
are expressed on hide substance. 


Table 211 

/•-Per rent CrgOj Fixed 


Or*0» given 
(%) 

KoKulnr 

(a) 

Dearmmzcd 

(b) 

(h) + 

8.20 

7.48 

6.68 

89 

10 27 

8.72 

7.66 

88 

12.30 

9.58 

8 28 

86 

14.38 

10.27 

8.58 

84 

16.41 

10.92 

9.02 

83 

18.49 

11.30 

9.20 

81 

20.55 

11.96 

9.64 

81 

22.54 

12.35 

9.80 

79 

24.60 

12.37 

9.98 

81 


In commenting on the deaminization studies of Thomas and Foster, and 
of Gustavson, Rtiasny 76 points out that since deaminization decreases the 
fixation of both anionic and cationic chrome compounds, the nature of the 
charge of the chrome complex cannot be of any decisive importance. Stiasny 
believes that the real effect of deaminization in lowering chrome fixation is 
that it changes the protein structurally, decreasing its active surface. 

Effect of Various Pretreatments on the Chrome-fixation Capacity of Hide 
Substance 

In addition to the effect of deaminization which has just been described, 
experimental studies have been made of the effect of various other pretreat- 
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merits upon the ability of hide substance to fix chrome. The object of such 
investigations was to throw light upon the mechanism of chrome tanning, 
more particularly as to which protein groups react with chrome. These 
investigations will now be described. 

Effect of Liming, Gustavson 26 cut 200-gram samples from the butt of a 
soaked and fleshed cow hide and limed them for varying time periods in 
saturated lime water containing excess lime. The specimens were then 
delimed with ammonium chloride, were unhaired and scudded by hand, and 



Figure 158. Effect of duration of liming of cow hide upon subsequent fixation of 
chromium during chrome tanning. 30 grams wet cow hide m contact with 1000 cc. 
chrome liquor for 48 hours. 


were then placed in a two per cent boric acid solution of pH value 5.0. The 
specimens were well washed before entering the lime solution. Samples from 
the various liming periods were then tanned in different chrome solutions for 
48 hours, together with an unlimed corium control, the flesh and grain layers 
of which had been mechanically removed. The results are shown in Figure 
158, from which it will be noted that large increases in chrome fixation occur 
as a function of liming time, and in the case of both anionic and cationic 
chrome compounds. It is not yet possible to decide whether the increased 
chrome fixations shown are a function of a chemical change in the hide sub- 
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stance, or of physical change, thereby increasing active surface, or whether 
both effects are involved. 

Effect of Pretreatment with Enzymes. Since hides and skins are usually 
bated with tryptic enzymes before chrome tanning, Gustavson 26 has made a 
preliminary investigation of the effect of enzymatic action upon subsequent 
chrome tanning. This was done by treating standard hide powder for five 
hours at 25° with 0.2 per cent strength pepsin in a citrate-phosphate buffer 
of pH value 2.2; other hide powder portions were treated for 5 hours at 40° 
with a 0.1 per cent strength trypsin in a phosphate buffer solution of pH 8,0, 
The activity of the enzymes is not stated. The treated powders were then 
washed, dehydrated with acetone, arid dried. Two-gram portions of the 
various powders were then soaked in 20 ml of distilled water for 0 hours and 
then for 60 hours in the chrome solutions employed. They w r ere then washed 
free of uncombined matter and were dried and analyzed. The results arc 
shown in Table 212. 


Pretimtnwnt 

None 

Trypsin at pH « 8.0 
Blank at pH *“8 0 
Pepsin at pH « 2.2 
Blank at pH - 2.2 


Table 212 

.-Grams CraOa Fixrd per 

37.0% Basic chrome sulfate 
(20 Off CrjOs per 1) 

12.56 
12.00 
32 85 
13.91 
13.34 


100 k ran is Coll agon -s 

59 0% Basic chrome sulfate 
(12 f>g CraOs per 1) 

22.56 
18.70 
24.72 
27.05 
28 32 


Gustavson suggested that the findings in this preliminary study may 
possibly be explained as a removal of activated protein groups, thus lessening 
the capacity of the protein to fix chrome. In view of the importance of the 
bating process in chrome tanning, it is to be hoped that these preliminary 
studies will lie greatly extended, employing pieces of variously bated skin, 
rather than hide powder, and making sure that tanning equilibrium is reached 
in all cases. 

Effect of Pretreatment with Formaldehyde. In 1921, Gerngross 16 stated 
that pretanning hide powder with formaldehyde lessened its power to fix 
cationic chrome; and in 1922, Griliches 17 stated that such pretreatment had 
little or no effect on cationic chrome fixation. But the experimental pro¬ 
cedures of both these workers were not such as to insure highly accurate 
results. In 1927, Gustavson 28 tanned hide powder with vaiying concentra¬ 
tions of formaldehyde, and at pH values ranging from 2.4 to 12.2, by rotating 
5.0 grams of hide powder with 100 ml of formaldehyde solution for 48 hours. 
The treated powders were then washed free of uncombined formaldehyde, 
after which they were tanned in the several chrome solutions employed; they 
were again washed, and were dried and analyzed. No determinations of fixed 
formaldehyde before chrome tannage were made. 
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The results may be summarized as follows; The pH value of the formalde¬ 
hyde pretannage greatly affects the behavior of the powder in subsequent 
chrome tannage. Pretannage at pH values of 6.0 and 8.0 decreases the 
fixation of Cr 2 0 3 from both basic sulfate and chloride solutions; fixations of 
anionic sulfito and oxalato compounds are also decreased. Pretannage at 
the very high pH value of around 12.0 led to increased fixation from cationic 
liquors, increased fixation from anionic sulfito liquors, but decreased fixation 
from anionic oxalato liquors. Gustavson offered the following explanations 
for these results: (1) the diminished fixation of cationic chromium was prob¬ 
ably caused by the decreased ability of the pretanned powder to fix the hydro¬ 
lyzed acid of the chrome solution, since the formaldehyde partially inactivated 
the protein basic groups; (2) # the inactivation of basic groups also reduced 
anionic chrome fixation, since such chrome, according to his view, combines 
with basic groups; (3) the increased cationic chrome fixation induced by 
pretannage at high pH values is probably a function of the activation of 
carboxyl groups or the breaking up of the internal protein structure by the 
action of the alkali which was added to the formaldehyde solutions in raising 
their pH values; and (4) the increased 0r 2 0 3 fixation from anionic sulfito 
solutions, in the case of the formaldehyde tannages at high pH values, is 
probably related to deaggregation of the protein structure by the. added 
alkali. 

In view of our newer and more complete understanding of formaldehyde 
tanning (see Chapter 12), it is to bo hoped that further work will bo done 
regarding the effect of formaldehyde pretannage on subsequent chrome fixa¬ 
tion. But such experiments should be performed with skin pieces rather than 
hide powder, and the uncombined formaldehyde should be removed by press¬ 
ing and the fixed formaldehyde determined both before and after chrome 
tanning. In this way it may be possible' to secure quantitative relationships 
between the various reactions which are involved and thus gain fundamental 
information. Care should be taken that all chrome tannage's are run to true 
equilibrium. 

Effect of Pretannage with Oppositely Charged Chrome. In 1927, Gustav¬ 
son 29 suggested that if cationic and anionic chrome compounds combine with 
different protein groups, pretannage and then retannage with compounds of 
opposite charge; might throw light upon the tanning mechanism. He there¬ 
fore tanned standard hide powder with cationic chrome, washed out uncom¬ 
bined matter (together with part of the bound acid) and then retanned the 
powder with anionic compounds. This process was also reversed, by tanning 
with anionic chrome and then retanning with cationic. The results indicated 
that in some cases one type of tannage was independent of the other; but the 
opposite was found in other cases, and hence no final conclusions may be drawn 
from the experiments. Gustavson suggested that in cationic tanning a 



CHROME TANNING 


503 


simultaneous and interdependent double reaction occurs, whereby the chrome 
combines by means of primary valence with the protein carboxyl groups, 
while the hydrolyzed acid of the chrome solution combines with basic protein 
groups; but that anionic chrome, on the other hand, forms molecular com¬ 
pounds with protein basic groups. 

According to this view, therefore, if hide substance is completely tanned 
with cationic chrome (so that all its available carboxyl groups combine with 
chrome and all available basic groups with acid) no fixation of anionic chrome 
could occur unless the anionic chrome displaced the combined acid and thus 
made basic groups available for reaction. Or, if hide substance is completely 
tanned with anionic chrome (whereby all available basic groups are inacti¬ 
vated) no cationic fixation could occur unless the hydrolyzed acid of the 
cationic chrome solution displaced the fixed anionic chrome from the basic 
groups. 

This subject is of sufficient importance to merit further investigation. 
Hut we recommend that skin pieces rather than hide powder be employed; 
that complete tannage be attained in all cases; and that the leather be pressed 
rather than washed, so that combined acid radicals may be accurately 
determined. 

Pretreatment with Quinone and with Vegetable Tannins. Thomas and 
Kelly 103 tanned standard hide powder with quinone and also with wattle 
tannin. The tanned powders were then washed free of soluble matter and 
were air-dried and analyzed. Portions were then tanned with increasing 
concentrations of 33.0 per cent basic chrome sulfate, after which they were 
washed, dried and analyzed. The results showed that pretannage with either 
quinone or wattle tannin greatly decreased cationic chrome fixation. This 
led Thomas and Kelly to assume that the inactivation of basic protein groups 
(by their combination with quinone or tannin) inhibited the fixation of cationic 
chrome. Gustavson reversed the procedure; that is, he first tanned hide 
powder with either cationic or anionic chrome and then retanned it with 
vegetable tannin. lie found the cationic pretanned powder to fix more 
vegetable tannin than the unchromed control, whereas the anionic pretanned 
powder fixed less. 

The experimental results described above are confusing, since no clear- 
cut relationships are apparent. Thomas and Kelly ascribed their results to 
an inactivation of basic protein groups; Gustavson considered that cationic 
chrome combination with protein acidic groups would activate basic groups, 
rendering them reactive. This subject lias been discussed at length in Chapter 
17, in connection with the effect, of chrome tanning upon subsequent tannin 
fixation and, also, in connection with Ihe effect of vegetable tanning on the 
acid-combining capacity of hide substance. The later studies of Page and 
Otin and Alexa have there been discussed in these connections. 
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Comparative Distribution of Fixed Chrome in Various Skin Layers 

Chrome tanners have long known that the uniformity of chrome fixation 
throughout the various layers of skin is a function of the nature of both the 
pickling and the subsequent one-bath tanning process. One of the dis¬ 
tinguishing characteristics of certain Continental upper leathers, for example, 
is the fact that the fixed chrome they contain is uniformly distributed through¬ 
out their grain, middle and flesh “layers.” This even chrome distribution 
is desirable in some types of leather, but it is not necessary, or even desirable, 
in other types. On the other hand, a too great inequality of chrome fixation 
often induces undesirable leather qualities. In 1909, Procter and Law 6,r> 
showed that the hydrolyzed acid of a chrome liquor diffused into gelatin jelly 
at a much faster rate than did the basic chrome compound produced by such 
hydrolysis. Such diffusion differentials lead to an excessive chrome deposi¬ 
tion in the surface layers of the skin. The prevention of such excessive deposi¬ 
tion is one of the principal objects of pickling; and one of the functions of 
masking compounds in the one-bath process is retardation of the fanning rate. 

The first publication regarding the subject under discussion was that ol 
R. F. Innes, 87 in 1914. Innes called attention to the importance of deter¬ 
mining fixed chrome in the various skin layers In 1929, Schindler and 
Klanfer 72 studied the effect upon chrome fixation of variations in pickle 
composition, liquor basicity and liquor aging, precipitation figure, tempera¬ 
ture of tanning, etc. in the tanning of calf skins. 

More recent studies of this problem have been those of Theis and his 
collaborators, 04 and of Gustavson. 30 The former authors tanned bated steer 
hide for six hours with basic chrome sulfate liquors of basicities ranging from 
zero to 53.0 per cent, with and without the addition of sodium sulfate to the 
chrome liquors. After tanning, the specimens were washed and dried and 
were then split into grain, middle and flesh layers which were analyzed for 
fixed O2O3. Chronic fixations were very non-uniform in the case of all 
basicities when no added sodium sulfate was present. For example, in the 
case of the 33.0 per cent basic liquor, containing no added salt, the middle 
layer fixed only 0.20 per cent Cr 2 0 3 (hide substance basis), whereas the total 
fixation for all three layers was 2.07 per cent. But when the same liquor 
was made to contain 2.0 moles of added sodium sulfate per mole of basic 
chrome sulfate, the middle layer fixed 3.94 per cent Cr 2 0 3 and the total 
fixation for all three layers was 3.00 per cent. These authors explained the 
action of the added sodium sulfate as a function of its effect upon the chrome 
compound; that is, sulfate radicals entered the complexes and also changed 
their molecular aggregation. In discussing the experiments just described 
Gustavson attributed the non-uniform findings noted to be a function of the 
swollen condition of the hide specimens (which condition prevented the free 
inward diffusion of the chrome liquor). He does not believe the findings are 
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to be explained as a function of change in the chrome compound induced by - 
added sodium sulfate. 

In a later study, Theis 95 showed that, although the contentions of Gustav- 
son are correct in respect to the influence of skin swelling upon uniform chrome 
fixation, this is not the complete explanation. This is shown by the fact that 
even though all swelling is prevented by the use of an adequate pickle, inequali¬ 
ties of chrome fixation may result in the absence of sodium sulfate except 
when sufficient salt is present in the chrome liquor . For this reason, he 
believes tlxat one of the principal functions of the added sulfate is the effect 
upon the chrome compound. 

Holland 33 tanned pieces of calf skin, which had been pickled with hydro¬ 
chloric acid and sodium chloride, with 33.0 per cent basic chrome sulfate, to 
which was added 0.25 or 0.50 mole of various sodium salts per mole of 
C!r(OH)S04. No description of the tanning method is given, but it is stated 
that the various specimens were washed in running waiter for 30 minutes at 
the end of tannage. They were then split into grain, middle and flesh and 
the splits were analyzed for fixed chrome. The results may be summarized 
as follows: (1) the control splits showed no appreciable difference in fixation, 
nor did those in which the chrome liquor contained the following additions: 
0,25 mole sodium bicarbonate, 0.50 mole bicarbonate, 0.50 mole formate, 
0.50 mole acetate, or 0.50 mole oxalate; (2) those receiving 0.25 or 0.50 mole 
of succinate, adipate and phthalate all showed inequalities of fixation in the 
three splits. 

Reversibility of Chrome Tanning 

In 1910, Procter and Wilson 61 showed that if skin which had been tanned 
with cationic chrome compounds was subjected to the action of a solution of 
Rochelle salt (or similar salts) the fixed chrome it contained was completely 
removed. They found that such deehromed skin, from which all reversing 
salt, was removed by washing, could again be chrome-tanned; the chrome 
fixation was, in other words, a completely reversible process. This original 
observation was followed by numerous investigations of other workers, in 
connection, more particularly, with the dechroming of chrome leather scraps 
for use in the manufacture of glue. Among these more recent studies may 
be mentioned those of Bennett, 7 Berestovoj and Masner, 8 and Simoncini. 
The latest and most inclusive investigation is that of Lollar. 4 * Lollar has 
extensively studied the reversal of fixed chrome by means of various acids, 
alkalies, and salts. He has given an interesting discussion of the mechanism 
of the reaction between such compounds and the deposited or fixed insoluble 
fifi.7 per cent basic chrome sulfate (in the case of sulfate tannage), whereby 
the latter is converted into a soluble, non-tanning chrome compound. 

In this section we are, however, more specifically concerned with whether 
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chrome tanning is, or is not, a reversible reaction in the absence of added 
“foreign” ions, as described in the preceding paragraph. The importance of 
this question is found in its very direct bearing upon our theoretical approach 
to the mechanism of chrome tanning. Except for those cases of chrome 
reversal by means of foreign ions or by drastic dechroming methods, the very 
general assumption until recently has been that we deal in chrome tanning 
with an almost completely irreversible reaction. This assumption has been 
due to the fact that we may indefinitely wash chrome leather in running water 
without removing any of its fixed chrome. We now know that this merely 
reflects the fact that deposited or fixed chrome is quite insoluble in water. 
But when chrome leather, which has been tanned with basic chrome sulfate, 
is appropriately treated in a closed system, it is found that the fixed chrome is 
completely reversible. We shall now discuss the experimental evidence of 
these statements. 

In 1937, Cameron, McLaughlin and Adams, 12 in a preliminary investiga¬ 
tion, studied the extent of fixed chrome reversal when calf-upper leather was 
treated with successive portions of a mixed solution of sulfuric acid and 
sodium sulfate. (The sodium sulfate was added to prevent the swelling of 
the leather as it becomes partially deohromed; if the leather is allowed to 
swell, the outward diffusion of reversed and soluble chrome is inhibited.) 
The leather was pressed after tanning, whereby all unfixed chrome and unfixed 
acid were removed, and was then dried at room temperature for 108 hours; it 
contained 11.35 per cent fixed Cr 2 0 3 and showed a basicity of 50.0 per cent. 
This d^ leather was then treated with successive portions of the aeid/sult solu¬ 
tion at room temperature and the; treatment removed 98.57 per cent of the origi¬ 
nal fixed chrome. Treatment with Rochelle salt removed 98.09 per cent. When 
dry leather containing 8.(X) per cent fixed Cr 2 0 3 was treated (both before and 
after aging for three weeks at room temperature) with oxalic acid and then 
with sodium oxalate, all the fixed chrome was removed in both cases. These 
authors then proceeded as follows. 

Portions of skin squares w ere tanned to equilibrium with varying basicities 
of chrome sulfate and after pressing showed the percentages of fixed Or*/L 
and the basicities given under (a) in Table 213. Sufficient duplicate portions 
had been tanned to contain 11.40 per cent fixed Cr 2 (L to permit demonstration 
of the following assumption: If chrome fixation is reversible, then retanning 
the control squares (containing 11.40 per cent fixed Cr 2 0 3 ) in their exhaust 
liquors of lowered basicities should cause them to lose fixed chrome. The 
duplicate portions mentioned were drained after tannage and their exhaust 
liquors were retained. The tanned squares (containing 11.40 per cent fixed 
chrome) were pressed twice at 5000 pounds and then kept in sealed jars and 
were allowed to age before retannage for the time periods noted in the table. 
(The experiment show r n under (f) represents tanned squares which were dried 
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in the open air and were not aged in closed jars.) The object of aging before, 
retannage was to determine the effect of aging upon reversibility. 

At the end of the various aging periods noted, sufficient sulfuric acid was 
added to the various exhaust liquors to lower their overall basicity to 36.8, 
12.0 and -3.7 per cent basicity, respectively. That is, such overall basicities 
were based upon all the chrome and acid contained in the pressed leather 
(11.40 per cent fixed chrome and 11.22 per cent fixed acid S0 4 ) and all the 
chrome and acid in the exhaust liquors. The tanned squares were then put 
back into the exhaust liquors whose basicities had been lowered and were 
retanned for 48 hours at 90° F and with constant agitation at 19 rpm. The 
squares were then pressed twice at 5000 pounds, dried, and analyzed. The 
results are shown in Table 213, from which we note: (1) Previously fixed 

Table 213. Showing Both Reversibility of Chrome Tannngc and that Leather Attains 
the Same Basicity as that of Liquor, at Kquilibrium. 



Control fa) 



No Aging (b) 


Aged 24 hours (c) 

% 

r A 

Acid 


\ c 

<f O 

Acid 



% 

And 


(W)< 

80 4 


0*0 j, 

SO 4 


(r n ()» 

SO4 


)' ixed 

Fixed 

Unwcitv 

loxed 

t ixcd 

Bawcit v 

Fixed 

Fi xed 

Hunt city 

11.40 

11 22 

48.0 

11.40 

11 22 

48.0 

11.40 

11.22 

48.0 

30 13 

12.12 

36.8 

10.09 

12.45 

34.9 

10.01 

12.05 

36.4 

7.00 

12.66 

12.0 

7 70 

13.05 

11.4 

7.74 

13.09 

10.7 

6.46 

12 70 

-3.7 

6.83 

13 06 

-1.0 

6.96 

13.67 

-3.7 

Aged 168 3tours 

(d) 

Aged 296 hours 

( 0 ) 

Air-dried 168 hours (f) 

Or 

% 

Acid 


% 

(rsOs 

Acid 


% 

%, 

Acid 


Or*Oi 

8O4 


SOi 


(’r?Oa 

SO< 


F 1 ved 

Fixed 

Banin t v 

1* lxed 

Fixed 

HilhlCltV 

Fixed 

Fixed 

Basicity 

11.40 

11.22 

48.0 

11 40 

11 22 

48 0 

31.40 

11.22 

48.0 

10.45 

12.35 

37.6 

10.25 

12.20 

37.8 

10.06 

12.39 

35.0 

7 92 

13.02 

13.2 

7 90 

12.71 

15 0 

7.55 

13.15 

8.0 

7.08 

13.13 

3.0 

7.04 

13.09 

1.8 

6.60 

13.37 

-7.0 


chrome has been reversed until it has reached the \ allies of the controls shown 
in fa); (2) with the exception of the -3.7 per cent basic experiments, the 
retanned leathers show essentially the same basicities as the controls; and 
(3) the aging treatments given have not affected reversibility. 

It was next shown that the opposite of the reversals noted in Table 213 
may be obtained. This was done by tanning five portions of squares with 
16.28 per cent (V 2 O 3 (on hide substance) of a 1.00 per cent basic chrome 
sulfate liquor for 48 hours at 90° F and with agitation at 19 rpm. At the end 
of tannage a sample of the squares was pressed, dried, and analyzed and 
showed the chrome fixation and the basicity of the control in Table 214. 
Sodium hydroxide was then slowly added to the four exhaust liquors of the 
duplicate portions to produce overall basicities of 10.00, 20.00, 30.00 and 40.00 
per cent basicity, respectively. The tanned and pressed but undried squares 
were then put back into the exhaust liquors and were retanned for 48 hours 
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at 90° F with constant agitation at 19 rpm, after which they were pressed, 
dried and analyzed. The results are given in Table 214. 


Number 

CraO« 

Fixed 

(%) 

Table 214 

Acid SO* 

Fixed 

(%) 

Leather 

Basicity 

Overall 

Basicity 

Given 

1 (Control; 

5.64 

10.63 

-00.4 

1.00 

2 

6.69 

11.35 

10.4 

10.00 

3 

7.89 

12.00 

19.7 

20.00 

4 

9.28 

12.06 

31.3 

30.00 

5 

10.62 

12.15 

39.6 

40.00 


The various experiments which have just been described show that hide 
substance attempts to come into equilibrium with its environment in chronic 
tanning. In so doing, it may either lose or gain fixed chrome and its overall 
basicity will be that of the overall basicity of the system in which it is tanned. 
This is assuming, of course, that tanning conditions are such as to insure the 
attainment of true equilibrium. 

McLaughlin and Cameron 53 next demonstrated that fixed chrome may be 
reversed by mere dilution of the system in which the hide substance was 
tanned. In other words, reversal occurs without the addition of any ions. 
Twenty 5-gram portions of skin squares were tanned in 500 ml of basic chrome 
sulfate liquors, of the basicities shown in Table 215, for 48 hours at 90° ¥ 
with constant agitation at 19 rprn. Two duplicate sets of samples were 
tanned in the same manner and with the same liquors, except that the liquor 
volume was 250 ml instead of 500 ml. At the end of tannage one set w^us 
pressed and analyzed. To the other set was added 250 ml of distilled water 
(bringing the final volume to 500 ml) and tannage was continued for 48 hours. 

Table 215 

(A) (B) (C) 

--Control, 500 ml-.-250 ml-. «— (B) + 250 ml, 11*0 —> 


Basicity of 

CtaO# fixed 

Exhaust 

CrsiOa fixed 

Exhaust 

CrjOa fixed 

Exfiaust 

Liquor given 

<%) 

liquor 

(%) 

liquor 

(%) 

liquor 

48.8 

12.46 

3.6 

12.80 

3.6 

32.42 

3.6 

38.5 

10.75 

3.3 

11.36 

3.3 

10.56 

3.3 

35.9 

10.00 

3.1 

10.50 

3,1 

9.93 

3.1 

28.6 

9.42 

2.9 

9 88 

2.9 

9.30 

2.9 

18.9 

7.88 

2.4 

8.80 

2.3 

7.72 

2.4 

8.8 

6.60 

2.3 

7.18 

2.2 

6.54 

2.3 

-0.5 

5.24 

2.2 

5.82 

2.0 

5.36 

2.2 


We note that whereas the higher concentration, (B), caused greater 
chrome fixations than in the case of the Iow r er concentration, (A), that when 
the concentration of (B) was lowered to that of (A), fixed chrome was reversed 
until the fixations of (A) and (C) were practically identical. The actual 
amount of Cr 2 On given was the same in (A), (B) and (O); the concentration 
was varied. 

These authors then demonstrated that if pressed chrome leather, which 
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contains no unfixed chrome or acid, is placed in water tb which raw skin has 
been added and the mixture is agitated, both fixed chrome and fixed acid will 
leave the leather and will combine with the added raw skin. Portions of skin 
squares were tanned for 48 hours at 90° F with constant agitation at 19 rpm 
and were then pressed twice at 5000 pounds. One part of each portion was 
then dried and analyzed for fixed chrome and leather basicity, as shown in 
Table 216. Another part of the pressed leather, containing about 50.0 per 
cent moisture, and representing 25.0 grams of hide substance, was added to 
500 ml of a 1.6 per cent sodium sulfate solution together with 25.0 grams of 
marked untanned skin squares; all were in a closed jar. The various jars 
were then agitated for six weeks at 90° F and at 19 rpm. (The sodium sulfate 
was added to prevent swelling of the added raw skin.) At the end of six 
weeks’ agitation the specimens were removed, were pressed twice at 5000 
pounds, and then dried and analyzed. The results are shown in Table 216, 


Table 21(1 Variation of Amount of Original Chrome Fixed and of Leather Basicities. 


No. 

% Fixed 
Cr ? 0 3 
Present 

Basicity 

of 

i gather 

1 

15.50 

49 4 

2 

13.80 

49.4 

3 

11.20 

49.4 

4 

12.52 

34 0 

5 

10.25 

34.6 

0 

7.30 

34 0 

7 

7.54 

18.0 

8 

6.06 

18.0 

9 

4.21 

18 0 


A 

B 

% Fixed CrjO» 

% Fixed CrjOj 

of Leather 

of Added 

After 

U.S After 

Weeks 

6 Weeks 

Drumming 

Drumming 

11.00 

4.32 

10.20 

2.97 

9.35 

1.90 

6.96 

5.19 

6.95 

3 14 

5.55 

1.55 

4.92 

2.59 

4.27 

1.50 

3.32 

0.71 


pH of 
Solution 

Percentage 

After 

of 

6 Weeks 

Theoretical 

Drumming 

Reversal 

4.1 

56.4 

4.3 

45.1 

4.5 

33.8 

3.7 

85.4 

4.0 

62.2 

4.4 

43.7 

3.7 

69.0 

4.1 

52.0 

4.6 

35.2 


the last column of which shows the “percentage of theoretical reversal.” 
This figure is derived by adding together the fixed chrome of the A and B 
columns and dividing by two in order to ascertain the percentage of fixed 
Cr 2 0;« which each type of hide substance should contain if a complete sharing 
of chrome between the two samples had occurred. The figure thus derived 
is divided into the percentage of fixed Cr 2 Os actually present in the added and 
formerly raw hide substance, yielding the figures in the last column of the 
table. 

The interesting results shown in Table 216 may be explained as follows. 
Tf tanned and pressed leather is agitated with water in a closed system, a 
small amount of bound acid is hydrolyzed, moving out into the surrounding 
solution and dissolving a t race of fixed chrome. Equilibrium is soon attained, 
however, and no more chrome and acid are reversed; but the addition of raw 
hide substance continually disturbs the equilibrium and permits the significant 
reversals shown. It will be noted that the extent of reversal appears to be a 
function of the pH value of the solution, as would be expected. If the added 
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raw hide substance is pickled with sulfuric acid, the pH value of the solution 
is further decreased, and reversals approximating 100 per cent of theoretical 
are obtained. 

In order to ascertain the effect of long aging of leather upon the reversal 
of its fixed chrome, McLaughlin and Adams 54 tanned skin squares with basic 
chrome sulfate liquor so that they would contain the fixed chrome and 
basicities after pressing that are shown in Table 217. Portions of the pressed, 
undried leather were then placed in sealed jars and were held for the time 
periods noted. They were then agitated for six weeks in a 1.6 per* cent 
solution of sodium sulfate containing an equal weight of marked raw skin 
squares (dry basis). At the end of six weeks’ agitation the various samples 
were pressed twice at 5000 pounds and were dried and analyzed. The 
reversal data given in Table 217 indicate that aging pressed (undried) leather 
decreases the reversibility of its fixed chrome; the extent of such decrease 
appears to be reached during six months of aging. 


Table 217. Aging Leather Before Revet sal. 

A B 
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1 

15.50 

49 4 
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10 80 

4.28 

4.1 

56 8 

2 

15.50 

49 4 

1 

11.65 

3 77 

4.1 

48.9 

3 

15 50 

49.4 2 

11.86 

3.48 

4.2 

45.4 

4 

15.50 

49.4 

4 

12.23 

3.04 

4 1 

39.8 

5 

15 30 

48.2 

0 

10.75 

4.75 

4 1 

63.2 

6 

15.30 

48.2 

26 

12.22 

2 85 

4.0 

37 S 

7 

15.30 

48.2 

52 

13.03 

2 74 

4.1 

34 7 

8 

8.78 

22 8 

0 

5 06 

3.39 

3 6 

80.2 

9 

8 78 

22.8 

26 

5.51 

2.43 

3.5 

01 2 

10 

8.78 

22 8 

52 

5.90 

2 46 

3 8 

58.8 


We have now seen that cationic chrome fixation is a reversible process 
It is to be hoped that reversal investigations will be conducted with anionic 
fixations. 

It has long been known that all the combined acid radical present in 
cationic-tanned chrome leather may be reversed and removed by subjecting 
the leather to the hydrolyzing action of running water. Wilson and Lines 108 
demonstrated this in 1926. The length of washing treatment which is required 
for complete removal of acid radical varies with the composition of the leather. 
No cationic fixed chrome is removed by running water. 

Thermolability of Chrome Leather 

As has been noted, the “boil test” has long been employed by chrome 
tanners as a rough test of degree of tannage. The unusual behavior of chrome 
leather toward heat constitutes a problem which has engaged the attention 
of many worker^, and we shall now discuss their investigations and interpre- 
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tations. The phenomenon has an important bearing upon the theory of 
chrome tanning. 

In 1905, Korner 40 explained the stability of chrome leather toward hot 
water as a function of the chrome-tanning agent forming an insoluble solid 
solution throughout the skin fiber. 

In 1927, Hudson 35 discussed the phenomenon and suggested that the 
nature of the acid radicals of the fixed chrome compound largely determined 
the heat stability of the leather. He suggested that monovalent radicals 
lower such stability, whereas divalent radicals increase it. He found that 
lowered heat stability of the leather resulted when part of the divalent sulfate 
radical fixed by skin in chrome sulfate tanning was presumably replaced by 
the monovalent chloride radical. Hudson postulated two types of combina¬ 
tion in basic chrome sulfate tanning: ( 1 ) A leather compound in which the 
Or atom is attached to protein carboxyl groups by primary valence, and ( 2 ) a 
compound in which the Or atom is indirectly attached to the protein amino 
groups, by means of the divalent acid radical of the chrome compound. He 
found that if sulfate-tanned leather was treated with 5.0 per cent sodium 
chloride solution for 1.0 hours, the second type of chrome fixation w'as reduced, 
as w r as also the heat, stability of the leather. Hut if the sodium chloride was 
washed out of the leather and it w f as then treated with 5.0 per cent potassium 
sulfate solution, the heat, stability returned to the value of the control. 
Gustavson, in commenting on the hypothesis of Hudson, pointed out that 
whereas thiocyanate and formate ions will displace fixed sulfate groups from 
chrome leather, they increase the heat stability of such leather. 

In 1932, Elod and Siegmund 14 subjected basic chrome sulfate-tanned 
leather, containing increasing percentages of fixed Cr«(\ (starting at 5.72 per 
cent), to clectrodialysis, whereby all sulfate radical was removed. The 
several specimens were then .subjected to the action of boiling w r atcr and 
showed no shrinkage in area. KUntzel and Riess 45 state they find just the 
opposite of these results, although they give no experimental data to support 
their contention. McLaughlin and Adams, in unpublished investigations, 
have studied the heat stability of basic chrome sulfate-tanned calf skin 
leather containing a constant amount of fixed O 2 O 3 (4.75 per cent on hide 
substance) and of varying basicity. The bends of tanned (unneutralized) 
calf skins were cut into a number of portions and duplicate specimens were 



Table 218 

Shrinkage 

Hours Washed 

Basieiiy 

(%) 

0 

40.4 

40.0 

4 

45.2 

40.0 

24 

51.7 

19.0 

96 

70.0 

, 2.0 

108 

86.4 

15.0 

336 

94.6 

29.0 
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then washed in running water for the time periods shown. At the end of the 
washing period the specimens were removed; one was pressed and analyzed 
and the other was subjected to the action of boiling water for one minute 
and the area shrinkage was measured (Table 218), 

These figures indicate that the heat stability of the leather employed is a 
function of basicity; the leather approaches a minimum shrinkage in the 
neighborhood of 60.7 per cent basicity (at which the bulk of protein-bound 
acid has been removed) and then rises as basicity increases. But these 
experiments must be greatly extended, employing leathers of increasing 
fixed chrome content, before we can be sure that this finding is of general 
application. In 1935, Lloyd 47 suggested that chrome tanning destroys the 
hydrophilic properties of collagen, inactivating the active centers of the 
protein molecule, and that this leads to loss of chemical activity, to loss of 
■water, and to protection of the peptide links. 

In 1936, Kuntzel and Riess 46 discussed the subject of heat stability of 
chrome leather. They suggested that the reason chrome leather tanned with 
basic chrome sulfate is more heat-stable than that tanned with basic chloride 
or nitrate is because of the greater ability of the sulfate radical to enter the 
coordination sphere of the chrome complex. They stated that leather 
tanned with basic chrome chloride, which shrank in boiling water, became 
heat-stable if treated with solutions of any of the following sodium salts: 
sulfate, bisulfite, thiosulfate, formate, and chromate, or with potassium diox- 
alato-aquo-hydroxo-chromiate. (No descriptions of experimental methods 
are given, nor are any supporting experimental data shown.) Kiintzel and 
Riess speculate that complexly bound sulfate radicals do not increase the heat 
stability of leather by forming bridges between two chromium atoms, thus 
strengthening the aggregations of the tanning particles. They consider it 
more likely that the sulfate radical is complexly bound to a chromium atom, 
giving it a negative charge. The resulting anionic compound then combines 
with a free protein basic group, forming an un-ionized salt. In other words, 
they picture the formation of what might be termed an amphoteric tanning 
compound which will react with the acid groups of one protein chain and with 
the basic groups of another. In this way the protein chains will be riveted 
together, imparting heat stability to the leather. They picture the combina¬ 
tion between the negatively charged chrome and the proteih basic groups as 
follows: 

T O t 


-NH 2 - - ~ Cr—OOO 


i 

0 
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and they suggest the following speculative formulas to describe the constitu¬ 
tion of chrome leather which is not heat-stable (I), and that which is heat- 
stable (II). 


II 1 

— ■COO-Cr-NHj— 


OCX) -hr - NH S - 

j ; 


j j 

--NH*-Cr-H,0 
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—NH,+ -SO. - Or 

u 
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—NHj-k-OOC— 

! | 


u 

—NHj--OOC— 

! | 

; 1 

I. Not resistant to boiling 


II. Resistant to boiling 


In 1937, Gustavson 31 reported a very extensive series of experimental 
investigations of the heat stability of chrome leather and of various factors 
which influence it. These studies may be summarized as follows. The 
experiments were conducted with chrome-tanned calf leathers. The leather 
was put directly into boiling water for three minutes and its area shrinkage 
after the boiling treatment was measured, with the following results. (1) When 
calf skin was subjected to liming for a period up to 28 days, and was then 
chrome-tanned, thermal stability was reduced, which Gustavson attributed 
to extensive changes in and loosening of the skin structure by the liming. 

(2) Delimed calf skin was treated with hydrochloric acid solution (pH * 1.0) 
and also with sodium hydroxide (pH - 12.0) and was then brought to 
pH * 5.0, was washed free of inorganic constituents, and w^as then chrome- 
tanned. When the tanned specimens thus pretreated were examined for 
thermal stability it was found that treatment with the acid solution had 
decreased this property, whereas the alkaline treatment had increased it, 

(3) When specimens w r ere pretanned with formaldehyde or with vegetable 
tannin or syntan, only the latter treatment caused a change in thermal 
stability, markedly lowering it, (4) Chrome-tanned leathers wiiich were not 
resistant to the action of boiling water could be rendered so by retanning with 
formaldehyde. (5) The action of various salt solutions on skin which w*as 
fully tanned with chrome chloride (but which was not thermally stable) 
indicated that those salts capable of complex formation (especially those 
which reacted alkaline) exerted a stabilizing influence at low concentrations. 
At higher concentrations they exerted a detanning action and reduced 
stability. Sodium sulfate solutions increased stability, but potassium nitrate 
reduced it. High concentrations of sodium chloride reduced heat shrinkage. 
On the other hand, treatment with sodium chloride reduced the stability of 
leather tanned with chrome sulfate. (6) Shrinkage of skin tanned with 
chrome chloride was completely eliminated by treatment with sodium sulfate, 



514 


CHEMISTRY OF LEATHER MANUFACTURE 


and this thermal stability remained even when the treated leather was 
thoroughly washed before the boil test. Treatment with sodium chloride 
also eliminated the shrinkage, but increased it if the sodium chloride was 
washed out of the treated leather. (7) Leather tanned with 33 per cent basic 
chrome sulfate, and containing 8.2 per cent Cr 2 0« on hide substance, was 
treated with various salt solutions for 24 hours before boiling. The control 
showed no shrinkage when boiled, but considerable shrinkage occurred after 
treatment with all the various salts except sodium sulfate. (8) Leather was 
tanned with a solution prepared from a dry basic chrome sulfate extract to 
contain 5.2 per cent fixed Cr 2 0 3 . This leather shrank 48 per cent in area 
when boiled; but if first soaked for 72 hours in a 0.25A NaS0 4 solution, it 
showed zero shrinkage on boiling. 

Gustavson concludes from these st udies that thermal stability is a function 
of the presence of combinations of structural units in the Cr-collagcn complex 
The chrome complexes serve as bridges between ionic-covalent forces and the 
acid protein groups of one chain and between the coordinative valencies arid 
the uncharged basic groups of another peptide chain. Thus the type oi 
chrome salt, and especially the kind and number of its acid groups (and t heir 
stability), are the important factors in determining the thermal stability of 
chrome leather. These conclusions, it will be noted, are essentially the same as 
those reached by Kiintzel and Riess; all three authors have thus accepted and 
applied the original riveting or bridging suggestion of Spiers, which will be 
discussed in the next chapter. 

McLaughlin and Adams, in an unpublished study, have treated calf¬ 
skin leather, which was tanned with basic chrome sulfate to contain 4.5 per¬ 
cent O2O3, with sodium sulfate solutions of varying concentration, This was 
done by cutting specimens from the bends of the tanned skins, washing them 
in cold water for 20 minutes, and then soaking 1 part of wet leather in 10 
parts of sodium sulfate solution for 72 hours at 70° F, after which they were 
removed, placed in boiling water for 5 minutes, and then measured. The 
washed control shrank 45 per cent in area, that soaked in 0.25A salt 40 per¬ 
cent, 1.00A' 7 , 42 per cent, and 2.00 IV, 43 per cent. The experiment was 
repeated, employing whole tanned skins and a much larger volume ratio of 
salt solutions, with essentially similar shrinkage results. These findings are 
just the opposite of those of Gustavson; but it may be that differences in 
leather basicity, or in experimental procedure, or the fact that Gustavson 
employed a dry tanning extract whereas McLaughlin and Adams used a 
regular glucose-reduced liquor, may account for the divergence. 

In a series of papers starting in 1939, Theis 06 and his collaborators have 
extensively investigated the effect on the heat stability of chrome leather of 
various ions employed in pickling or in tanning. After tanning, the leather 
was split into grain, middle and flesh “layers”; these were then analyzed and 
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their behavior toward heat determined. Table 219 shows the result of pickling 
calf skin with sodium chloride and hydrochloric acid and then tanning it with 
chrome chloride of the basicities noted. Table 220 illustrates the effect of pick¬ 
ling with sodium sulfate and sulfuric acid and tanning with chrome chloride. 

Table 219. Showing Cr 2 0 8 Take-up during Tanning with CrOla in the Presence of 

Chlorides Only. 


Basicity 

CrOla 

CraOi in 

Shrinkage Temp. (° C) 

pH of 
Re«jidual 
Chrome Liquor 

Grain 

G 

Middle 

M 

G-M 

Total 

G 

M 

F 

0 

5.00 

3.42 

1.58 

3.80 

80.0 

86.5 

84.5 

1.8 

33 

5.08 

3.50 

1.58 

3.92 

84.0 

87.0 1 

85.5 

1.8 

50 

6.92 

4.14 

1.78 

4.65 

88.0 

90.5 | 

90.0 

2.0 

66 

7.32 

3.26 

4.06 

4.15 

90.5 

92.5 

91,0 

2.3 


Table 220. Showing Cr a Oj Take-up during Tanning with OrCU in the Presence 

of Neutral Sulfates. 


1 

Basicity 

OxCJi 


CrcOa m 


Shrinkage Tern, (‘ 

•C, | 

pH of 
Residual 
Chrome Liquor 

Gram 

G 

Middle i 

M 

G-M 

Total J 

i 

G 

M 

F 

0 

2.98 

2.90 

0.08 

2.74 

93.0 

94.0 

85.5 1 

1.7 

33 

2.93 

3.08 

-0.15 

2 74 

90.5 

93.5 

90.0 | 

1.7 

50 

4.02 

3.18 j 

0.84 

3.69 

94.0 

97.5 

97.5 

1.9 

66 

5.62 

1.51 

4.11 

4.06 

100.0 

100.0 

99 5 ! 

i 

2.2 


Table 221. Showing P^fTect of Increasing Amounts of Sulfate Ion Present during Tannage 

with Basic Chromium Chlorides. 




% GrjO* in 


Shrinkage Temp 

(° C) 

Moles NasSO* 




: 




per Mole Cr 

Grain 

G 

Middle 

M 

G-M ' 

Total 

G 

M 

h 

0 

4.95 

3.12 

1.83 

3.44 


i 


1/8 

4.61 

3.10 

1.51 

3.88 

89 

85 

86 

1/4 

4.25 

2.76 

1.49 

3.36 

80 

77 

80 

1/2 

4.62 

3.38 

1.24 

3.99 

100 

87 

97 

1/1 

5 05 

4.01 

1.04 

4.71 

100 

99 

98 

2/1 

3.20 

3.06 

.14 

3.09 

94 

96 

96 

4/1 

2.95 

2.65 

.30 

2.94 

94 

97 

94 


Table 221 gives the result of pickling the skin with 1.0 per cent sulfuric acid 
containing increasing amounts of sodium sulfate, so calculated as to represent 
the concentrations of Na^SO* per mole of Cv shown in the table. 

The three tables show that the presence of sufficient sulfate ion raises the 
shrinkage temperature of leather tanned with basic chrome chloride. That 
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is, when 0.50 mole NaaS0 4 is reached but when 1.00 mole is exceeded the 
shrinkage temperature, as well as the fixed chrome, drops. Similar studies 
were then made employing basic chrome sulfate as the tanning agent, to which 
was added increments of various sodium salts—formate, oxalate, acetate and 
lactate. These salt additions varied from 0.25 to 3.00 moles per gram atom 
of Cr. Calf skin was pickled to various pH values with a mixture of sodium 
sulfate and sulfuric acid. The different chrome liquors noted above were 
then added to the exhaust pickle liquors and skin and tanning was performed 
for 24 hours, with constant agitation at room temperature. The experimental 
results may be summarized as follows. Addition of formate markedly 
increased shrinkage temperatures; small additions of oxalate increased shrink¬ 
age temperature but greater additions decreased it; acetate decreased heat 
stability in the case of all concentrations, but lactate had little effect. 

In 1940, Holland 34 determined the shrinkage temperature of various calf 
leathers heated in glycerin. The bated and pickled skin was tanned with 
33.0 per cent basic chrome sulfate to which was added various sodium salts, 
in concentrations varying from 0.25 to 0.50 moles per mole of 0r(0H)S0 4 . 
The salts included: bicarbonate, formate, acetate, oxalate, succinate, adipate 
and phthalate. All these various added salts markedly increased the shrink¬ 
age temperature of the leather; they also greatly increased chrome fixations. 
There did not seem to be any direct relation between heightened shrinkage 
temperature and increased chrome 1 fixation. 

The important question of the thcrmolability of chrome leather will In' 
further discussed when we consider the theory of chrome tanning. In view 
of both the practical and theoretical importance of the behavior of chrome 
leather to heat, it is to be hoped that our present knowledge of the subject 
will be extended and to include the influence of the protein-bound acid of 
chrome leather upon its heat stability. 

Composition of Fixed Chrome Compounds 

When we speak of the basicity of a chrome liquor, or of leather, we refer 
to the value calculated from the total chrome of the system and all its acid 
radicals. We do not necessarily mean that the chrome compound in the 
liquor or that fixed by the leather is of the basicity stated. Chrome liquors 
usually contain acid in two forms—free acid and acid combined with the 
chrome. When the amount of free acid is determined and is deducted from 
the total acid, the average 1 basicity of the chrome in the liquor may be calcu¬ 
lated. The term “average” is employed because the basicity value obtained 
is undoubtedly the mean of a number of different basicities. In the case of 
chrome leather, if we wash it completely free of acid radicals, we can say with 
certainty that its basicity is 100 per cent. But if such leather contains any 
fixed acid it is necessary to know how much of such acid is protein-bound 
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and how much is chrome-bound before the basicity of the fixed chrome 
compound can bo calculated. This is the reason for the many investigations 
we have noted in considering the determination of the acid radicals in chrome 
leather. The actual basicity of fixed chrome has an important bearing on 
the theory of chrome tanning. 

We have noted in Chapter 14 that, generally speaking, only those com¬ 
pounds which are basic, or which become so when dissolved in water, possess 
tanning power. In view of this, it will be well before proceeding to differ¬ 
entiate between what is experimentally known about the basic chrome com¬ 
pounds and what is derived by analogy. 

There is much evidence to justify our belief that many basic chrome 
compounds exist and function in chrome tanning, as Stiasny has discussed at 
length in his book. But as such compounds are very difficult to isolate, we 
arrive at their composition mainly by speculation and analogy. A few basic 
compounds have been isolated, as follows. Small amounts of Cr(OH)Cl 2 and 
Cr(t)H) 2 Cl were obtained by Bjerrum.® Richards and Bonnet 67 isolated a 
basic sulfate which they believed to be Cr(0II)S0 4 . Stiasny 76 refers to the 
isolation of a crystalline hydroxo-disulfato-potassium-chromiate, and Theis 
has prepared the compounds described on page 493. Werner 105 isolated the 
(if)3 per cent basic* chrome sulfate, 0 r 2 ( 0 H) 4 S 0 4 , which is insoluble in water 
but may be dissolved in acid solutions. As far as we know, no basic chrome 
chloride or sulfate compounds in which olation has been proved have been 
isolated. 

Another view regarding the “basic chrome compounds” has been expressed 
by Weiser, 104 He suggests that the so-called basic compounds are really 
composed of hydrous chromic oxide which is peptized by adsorbed chrome 
sulfate or chrome chloride, as the case may be. Whatever the ultimate 
interpretation may prove, the conception of the basic chrome compounds is 
most useful for our purpose and we shall therefore employ if. 

Throughout the literature many values are given of the basicity and 
composition of the chrome compounds fixed in chrome tanning, most of which 
were derived by analyzing leather which had been washed with water before 
analysis. As has been shown (pages 445 to 447), such washing vitiates the 
value of such results, and hence consideration of them can only confuse the 
issue. We cannot, for example, say that a leather contains fixed chrome 
of a certain basicity when we do not know to what extent we have removed 
its chrome-bound acid by the hydrolyzing action of water. For these reasons 
we shall consider in this section only those investigations which are most free 
from such objections. 

As we have noted, when Gustavson in 1926 removed the protein-bound 
acid from basic chrome sulfate-tanned leather by his neutralization method, 
he found the fixed chrome of the two leather specimens to be 66.20 and 67,20 
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per cent basic, respectively. In 1929, Merrill and Niedercorn 68 repeats 
Gustavson \s studies in an extensive series of investigations with chrom 
sulfate-tanned leathers and also with tanned hide powder. These author 
summarized their experiments as follows: “II will be noted that the leathe 
as tanned contained a complex of 07.7 per cent basicity. Since, as point® 
out by Merrill, Niedercorn and Quarck, the diffusion-neutralization metho* 
for chrome-bound sulfates always gives results that are slightly low, thi 
indicates that the chromium complex fixed by the protein was exactly twe 
thirds basic, containing 0.5 sulfato group per atom of chromium. Treatin 
the leather with acid did not appreciably increase the acidity of this complex 
Partially neutralizing the leather with alkali decreased the total acid sulfat 
in direct proportion to the amount of alkali added, until the basicity of th 
complex had fallen to about half its initial value. Over this range the chrc 
mium-bound and protein-bound acid both decreased linearly with increasin 
neutralization of the leather. When the chromium-bound acid had beei 
reduced to an amount corresponding to a complex of 82.(i per cent basicit; 
[five-sixths basic complex (?)] the leather no longer contained protein-bourn 
sulfate. Further neutralization merely reduced the acidity of the chromi 
complex. Since this paper was written, Gustavson has kindly called on 
attention to the fact that our findings agree very nicely with some* he obtain® 
in 1924. Ills work, too, indicates that the complex fixed initially is a two 
thirds basic sulfato-chroini compound, and that this complex is altered oi 
washing to a more stable complex of approximately one-half the initial 
acidity.” 

In 1930, Merry 69 stated that the British Leather Manufacturers’ Researcl 
Association, in a private report sent to its members in 1922, suggested as ; 
working hypothesis that the compound fixed in basic chrome sulfate tannint 
was two-thirds basic. 

In 1937, Cameron, McLaughlin and Adams 12 published experiments whir*] 
proved, by means other than those employed by Gustavson and by Merril 
and Niedercorn, that the chrome compound fixed in basic sulfate tanninj 
is actually the two-thirds basic compound. They showed this to be tru 
regardless of the basicity of the original tanning solution employed. Thes 
authors tanned skin squares to equilibrium with increasing concentrations o 
basic chrome sulfate solutions of basicities which varied from 0.4 to 4(>J 
per cent. 

They reasoned as follows: (1) If the chrome which hide substance fixe 
in sulfate tanning is always of the same basicity— regardless of the basicit: 
of the chrome liquor, or the concentration of the liquor a method of indirect!; 
proving the basicity of such fixed chrome was available. (2) This wmuld b 
possible from the experimental fact that when leather is tanned to tru 
equilibrium it shows the same basicity as the overall basicity of the tanninj 
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system; and it may be reasonably assumed that there exists a direct quantita¬ 
tive relationship between amount of fixed chrome, amount of protein-bound 
acid, and amount of total available acid in the chrome liquor. (3) If sulfate 
tanning consists of the deposition of an insoluble chrome compound in and on 
the skin fil>er, such deposition must result (as suggested by Stmsny in 1908) 
from the abstraction of acid from the solution by the skin fiber. The inher¬ 
ently insoluble chrome compound is held in solution by the acid. When 
sufficient acid has been removed by combination with the skin, the chrome 
becomes insoluble and is precipitated or deposited throughout the fiber, 
forming leather. (4) The only basic chrome sulfate which has been definitely 
isolated is the two-thirds basic salt; this salt is insoluble in water but is soluble 
in sulfuric acid solution. It has been shown by Gustavson and by Merrill and 
Niedcrcorn that such a compound is very probably the active tanning agent, 
as we have just noted. (5) When hide substance is treated with increasing 
concentrations of sulfuric acid and the values of fixed and free acid are plotted 
logarithmically a straight line results; see Table 222 and Figure 25, which 
illustrate the values obtained by McLaughlin and Adams. 


Table 222 


Gram8 HsSO< 

Grams 

Grams 

pH of 

Given per 100 

Acid 

Acid 

Residual 

Grams Collagen 

Fixed 

Unfixed 

And Solution 

4.00 

3.72 

0.28 

2 35 

5.00 

4.44 

0.50 

2.05 

0.00 

4.72 

1.28 

1.75 

0.40 

5.14 

1.20 

1.75 

7.20 

5.24 

1.96 

1.00 

8 00 

5 38 

2.02 

1.50 

8.80 

5.82 

2.98 

1.40 

9.00 

5.92 

3.08 

1.30 

10.40 

5.93 

4.47 

1.25 

11.20 

0.00 

5.14 

1.20 

12.00 

6.08 

5.92 

1.15 

13.00 

0.37 

6.63 

1.10 

14.00 

0.44 

7 50 

1.08 

15.00 

0.46 

8.54 

TOO 

16.00 

6.65 

9.35 

0.98 

17.00 

6.00 

10.34 

0.92 

18.00 

0.83 

11.17 

0.90 

19.00 

7.00 

12.00 

0.85 

20.00 

8.78 

11.22 

0.90 

21.00 

8.88 

12.12 

0.83 

22.00 

9.50 

12.50 

0.80 

23.00 

9.72 

13.28 

0.79 

25.00 

9.50 

15.50 

0.73 


With these thoughts in mind, Cameron, McLaughlin and Adams calculated 
the values shown in Table 223. The table includes values for 69 leathers 
tanned with increasing concentrations of basic chrome sulfate and of basicities 
varying from 0.4 to 46.0 per cent. It was assumed that the chrome compound 
fixed was the two-thirds basic throughout. It was further assumed that the 
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available acid sulfate in the liquor (f) should be derived by deducting from 
the total amount, present (d) the amount required to make the total chrome 
present two-thirds basic (e), since this latter acid sulfate would not be available 
for reaction with the hide substance. In this way it was possible to calculate 
the values of protein-bound acid sulfat e (i) and of the unfixed acid sulfate fj). 
When these two latter values were plotted logarithmically, it was found that 


Table 223 

(a) Grams Cr 2 0 » Given (g) Acid SO 4 to make (b) same basicity a 

(b) Grams Cr 2 0 3 Fixed original liquor 

(c) Grams Cr 2 0 3 Unfixed (h) Acid SO 4 to make (b) 661% 

(d) Total Grams Acid SO 4 present (i) Protein bound acid SO 4 fg)-(h) 

(©) Grains Acid SO* to make (a) 661% (j) Unfixed acid SO 4 in system (f)-(i) 

(0 Grams available acid SO 4 (d)-(e) 


0.4% Basic 


(a) 

lb) 

( 0 ) 

(d) 

(e) 

(0 

(g) 

no 

(i) 

(j) 

6.00 

4.01 

1.99 

11.31 

3.78 

7,53 

7.56 

2.53 

5.03 

2.50 

9*00 

4.61 

4.39 

16.96 

5.67 

11.29 

8.70 

2.91 

5.79 

5.50 

12.00 

5.12 

6.88 

22.61 

7.56 

15.05 

9.66 

3.23 

6.43 

8.62 

16.00 

5.44 

10.76 

30.16 

10 09 

20.07 

10.26 

3.43 

6,83 

13.24 

20.00 

5.84 

14.16 

37.70 

12.60 

25.10 

11.01 

3.68 

7.33 

17.77 

24.00 

6,33 

17.67 

45.25 

15.12 

30.13 

11.94 

3,99 

7.95 

22.18 





2.8% 

Basic 





(a) 

(b) 

fc) 

(d> 

(e) 

(f) 

(g) 

(h) 

(i) 

(j' 

4.22 

3.82 

0.40 

7.77 

2.66 

5.11 

7.04 

2,41 

4.63 

0.48 

6.32 

4.52 

1.80 

11.64 

3.99 

7.65 

8.32 

2.85 

5.47 

2.18 

8.45 

4.87 

3.58 

15.55 

5.33 

10.22 

8.96 

3.07 

5,89 

4.33 

10.55 

5.12 

5.43 

19.41 

6.65 

12.76 

9.42 

3,23 

6.19 

6.57 

12.63 

5.42 

7.21 

23.23 

7.96 

15.27 

9.97 

3.42 

6.55 

8.72 

14.77 

5.62 

9.15 

27.20 

9.32 

17.88 

10.35 

3.54 

6.81 

11.07 

16,85 

5.66 

11.19 

31.00 

10.63 

20.37 

10.41 

3.57 

6.84 

13.53 

18.95 

5.75 

13.20 

34.90 

11.95 

22.95 

10 59 

3.63 

6.96 

15.99 

21.10 

5.82 

15.28 

38.80 

13.30 

25.50 

10.71 

3,67 

7.04 

18.46 





15.8% 

Basic 





(a) 

(b) 

(e) 

(d) 

(e) 

(0 

(g) 

(h) 

(i) 

0) 

8.00 

5.72 

2,28 

12.75 

5.04 

7.71 

9.12 

3.61 

5.51 

2.20 

11,00 

6.48 

4.52 

17.55 

6.94 

10.61 

10.33 

4.09 

6.24 

4 37 

14.00 

7.22 

6.78 

22.31 

8.83 

13.48 

31.51 

4,55 

6.96 

6.52 

18.00 

7.82 

10.18 

28.70 

11.35 

17.35 

12.46 

4.93 

7.53 

9.82 

21.00 

8.14 

12.86 

33.50 

13.25 

20.25 

12.97 

5.13 

7.84 

12.41 

24.00 

8.58 

15.42 

38.30 

15.14 

23.16 

13.68 

5.41 

8.27 

14.89 





17.5% 

Basic 





(a) 

(b) 

fc) 

(d) 

(e) 

(f) 

(g) 

th) 

0) 

(j) 

6.36 

5.21 

1.15 

9.94 

4.01 

5.93 

8.14 

3.29 

4.85 

1.08 

8.45 

6.00 

2.45 

13.20 

5.33 

7.87 

9.37 

3.78 

5.59 

2.28 

10.58 

6.49 

4.09 

16.54 

6.67 

9.87 

10,14 

4.09 

6.05 

3.82 

12.67 

6.94 

5.73 

19.80 

7.99 

11.81 

10.85 

4.38 

6.47 

5.34 

14.81 

7.23 

7.58 

23.14 

9.34 

13.80 

11.30 

4.56 

6,74 

7.06 

16.90 

7,40 

9.50 

26.40 

10.65 

15.75 

31.56 

4.67 

6.89 

8.86 

19.04 

7.76 

11.28 

29.72 

12.00 

17.72 

12.13 

4.89 

7.24 

10.48 

21.12 

7.90 

13.22 

33.00 

13.32 

19.68 

12,35 

4.98 

7.37 

12.31 

23.28 

8.22 

15.06 

36.37 

14.67 

21,70 

12.85 

5.18 

7.67 

14.03 
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Table 223—( Continued) 


33,2% Basic 


(a) 

(b) 

(o) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

8.16 

7.08 

1.08 

10.31 

5.14 

5.17 

8.96 

4,47 

4.49 

0,68 

9.18 

8.03 

1.15 

11.60 

5.78 

5.82 

10.15 

5.06 

5.09 

0.73 

10.20 

8.55 

1.65 

12.90 

6.43 

6.47 

10.81 

5.40 

5.41 

1.06 

11.20 

8.96 

2.24 

14.16 

7.06 

7,10 

11.33 

5.65 

5.68 

1.42 

12.25 

9.34 

2.91 

15.50 

7.72 

7.78 

11.80 

5.89 

5.91 

1.87 

13.25 

9.77 

3.48 

16.75 

8.35 

8.40 

12.35 

6.16 

6.19 

2.21 

14.27 

10.19 

4.08 

18.05 

9.00 

9.05 

12.88 

6.42 

6.46 

2.59 

16.32 

10.67 

5.65 

20,63 

10.29 

10.34 

13.49 

6.73 

6.76 

3.58 

18.35 

10,90 

7.45 

23.20 

13.57 

11.63 

13.78 

6.88 

6.90 

4.73 

20.40 

13.28 

9.12 

25.80 

12.86 

12.94 

14.25 

7.11 

7.14 

5.80 

22.45 

11.88 

10.57 

28.40 

14.15 

14.25 

15.02 

7.49 

7.53 

6.72 

24.50 

12.12 

12.38 

31.00 

15.45 

15.55 

35.32 

7.64 

7.68 

7.87 





36.7% Basic 





(a) 

(b) 

(c) 

<d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

9.30 

7.98 

1.32 

11.35 

5.86 

5.49 

9,56 

5.03 

4.53 

0.96 

10.36 

8.58 

1.78 

12.41 

6.53 

5.88 

10.28 

5.41 

4.87 

1.01 

11.39 

9.22 

2.17 

33.65 

7.18 

6.47 

11.05 

5.81 

5.24 

1.23 

12.41 

9.64 

2.77 

14,87 

7.82 

7,05 

11.55 

6.08 

5.47 

3.58 

13.44 

9.83 

3.61 

16.10 

8,47 

7.63 

11.78 

6.20 

5.58 

2.05 

11.50 

10.16 

4.34 

17.37 

9.14 

8.23 

12.18 

6.41 

5.77 

2.46 

16.55 

10.58 

5.97 

19.84 

10.43 

9.41 

12.68 

6.67 

6.01 

3.40 

38,65 

10.98 

7.67 

22.34 

13.75 

10.59 

33.16 

6.93 

6.23 

4.39 

20.70 

11.32 

9.38 

24.80 

13.05 

11.75 

13.56 

7.14 

6.42 

5.33 

22.80 

11.61 

11.19 

27.31 

14.37 

12.94 

13.91 

7.32 

6.59 

6.35 





43% 

Basic 





(a) 

(b) 

(c) 

(cl) 

M 

(f) 

(g) 

(h) 

(i) 

(j) 

12 00 

10,35 

1.66 

12.95 

7.57 

5.38 

11.16 

6.52 

4.64 

0,74 

14.00 

11.25 

2.75 

15.11 

8.83 

0.28 

12.14 

7.09 

5.05 

1.23 

16.00 

12.37 

3.83 

17.27 

10.10 

7.17 

13,13 

7.67 

5.46 

1.71 

18.00 

12.87 

5 13 

19.44 

11.35 

8.09 

13.88 

8.12 

5.76 

2.33 

20.00 

12.98 

7.02 

21.60 

12.61 

8.99 

14.00 

8.19 

5.81 

3.18 

24.00 

13.95 

30.05 

25.90 

15.14 

10.76 

35.15 

8.79 

6.36 

4.40 





46% 

Basic 





(a) 

(b) 

(c) 

(d) 

M 

(f) 

(g) 

(h) 

(t) 

(i) 

9.30 

8.75 

0.55 

9.51 

5.86 

3.65 

* 8.94 

5.52 

3.42 

0.23 

10.33 

9.61 

0.72 

10.56 

6.51 

4.05 

9.82 

6.06 

3.76 

0.29 

11.35 

9.76 

1.59 

11.60 

7.16 

4.44 

9.98 

6.16 

3.82 

0.62 

12.37 

10.75 

1.62 

12.65 

7.80 

4.85 

10.99 

6,78 

4.21 

0.64 

13.35 

11.50 

1.85 

13.65 

8.42 

5.23 

11.75 

7.25 

4.50 

0.73 

14.47 

11.75 

2.72 

14.80 

9.13 

5.67 

12.02 

7.41 

‘4.61 

1.06 

16.51 

12.45 

4.06 

16.89 

10.41 

6.48 

12.73 

7.85 

4.88 

1.60 

18.56 

13.29 

5.27 

18.99 

11.70 

7.29 

13.59 

8.38 

5.21 

2.08 

20,66 

13.65 

7.01 

21.11 

13.03 

8.08 

13.95 

8.61 

5.34 

2.74 

22.70 

13.86 

9.23 

23.21 

14.31 

8.90 

14,17 

8.74 

5.43 

3.47 

24.76 

13.99 

30.77 

25.31 

15.61 

9.70 

14.30 

8.82 

5.48 

4.22 


they all fell upon a .single straight line, as shown in Figure 160. If any 
basicity value other titan the two-thirds basic was employed in the calcula¬ 
tions, the logarithmically plotted acid sulfate values produced a family of 
widely separated parallel straight lines, the position of each lino varying with 
the original basicity of each liquor. It was only when the two-thirds basic 
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compound was assumed that all values fell upon a single line, regardless of 
liquor basicity. In view of this finding, these authors consider that there is 
no longer any doubt that chrome sulfate tanning consists of the deposition 
of the two-thirds basic compound and that hypothetical compounds of 
varying and unproved basicities are not involved. 

In 1934, Kuntzel, Riess, Papayarmis and Vogel 42 tanned hide powder with 
basic chloride and basic sulfate solutions of 33.3 per cent and also with 50.0 
per cent basicity. The powders were well washed with water after tanning; 
thus unfixed matter and an unknown amount of fixed acid were removed. 
The powders were then dried and aged for eight days before examination. 
Fixed chrome was then determined as well as the various acid radicals, 
employing the analytical methods described on pages 442 to 443. The 
results indicated the following basicities of the? fixed chrome: from the 33.3 
per cent basic chrome chloride 7fi.9 and from the 50,0 per cent 79.6; from the 
33.3 per cent basic chrome sulfate 63.2 and from the 50.0 per cent 72.1. 
Practically all the chrome-bound acid was found to bo complexly contained. 
From those experiments, the authors concluded that the chrome compound 
fixed in tanning is electrically neutral and that the combination between 
chrome and hide substance is not salt-like. 

Molecular Size of Chrome Compounds 

We noted in Chapter 14 that the molecular size of the chrome compounds 
employed in tanning may be increased by olation or polymerization and 
decreased by de-olation. Some workers, particularly Stiasny, believe the 
size of the compound to he of fundamental importance in the tanning process; 
Stiasny, 83 for example, states that compounds of too low molecular size will 
not tan, and that those that are too large are unable to diffuse adequately 
into the hide fiber. A number of attempts to measure the molecular dimen¬ 
sions of chrome compounds have been made and will now be described. 

In 1923, Seymour-Jones 72A prepared a 33.3 pdV cent basic chrome sulfate 
by reducing sodium bichromate with sulfur dioxide; it contained 269.9 grams 
Or 2 Oa per liter. This highly concentrated solution was able to pass completely 
through hard filter papers which had been impregnated with 1.0 and with 5.0 
per cent gelatin dispersions and which were subsequently hardened in 4.0 
per cent formaldehyde solution. Similarly, complete diffusion was found 
when the concentrated solution noted (and when it was diluted 10 times) was 
placed in collodion bags and was dialyzed against cold water for 18 hours. 

In 1927, Stiasny and Grimm 84 dialyzed various chrome solutions through 
parchment thimbles. It was thus found that 97 per cent of a zero basic 
chrome chloride (containing 1.0 per cent Cr) passed through a parchment 
thimble, This figure was reduced to 94 if the solution was boiled for 60 hours 
and was immediately cooled and dialyzed. The value for a 33.3 per cent 
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basic chrome chloride was 87, and this value was not altered by boiling and 
cooling, which indicated that elation changes did not greatly affect the 
liquor’s dispersion. Sodium hydroxide was intermittently added to a zero 
basic chrome chloride until a basicity of 8(5 per cent was reached; this solution 
showed a slight Tyndall cone, and 98.0 to 99.5 per cent of the chrome com¬ 
pound it contained was retained by the parchment membrane. This experi¬ 
ment indicates a high degree of molecular complexity; but in none of the 
experiments just described (including those of Seymour-Jones) do we know 
the pore size of the filtering media. * 

In 1923, Jander and Scheelo 38 measured the diffusion in water of chromium 
nitrates of varying basicities. Increasing amounts of sodium hydroxide were 
added as noted, and the diffusions were observed after the solutions had 
reached an equilibrium pH value, as indicated by the quinhydrone electrode. 
Average molecular weights were then calculated from the diffusion coefficients 
and are shown in Table 224. 



Moles NaOll 


Table 224 


Average 

No Cr 

Basicity 

added per 

Immediate 

Equilibrium 

Diffusion 

molecular 

atomB per 

(%) 

mole Cr 

pH value 

pH value 

coefficient 

weight 

molecule 

q.oo 

0.000 



0.310 

281 

1.0 


0.235 

3.53 

2.73 

0.290 

325 

1 l 


0.469 

3.93 

2.88 

0.280 

348 

1.2 


0.703 

4.24 

2.99 

0 280 

348 

1.2 


0.938 

4.72 

3.10 

0.260 

404 

1.4 

33.30 

1 .000* 



0.250* 

440 

1.6 


1.170 

4.76 

3.18 

0.230 

516 

2.5 


1.410 

4.79 

3.32 

0 230 

516 

2.5 


1.640 

5.03 

3,40 

0.160 

1090 

5.4 


1.880 

5.23 

3.51. 

0.150 

1210 

6.0 

06.70 

2 .000* 



0.125* 

1750 

9.0-13 0 


2.130 

5.24 

3.67 

0 090 

3370 

26.0 

2.350 

* Interpolated 

5.34 

4.10 

0.018 

84000 

650.0 


Reiss and Barth 71 have also employed diffusion methods in molecular 
weight determinations, as shown in Table 225, where all the solutions examined 
contained 0.7 per cent chromium. 


Table 225 


Basicity 

<%> 

Nitrate 

-Molecular Weights— 
Chloride 

Sulfate 

«-——No. Cr atoms por molecule-—-— 
Nitrate Chloride Sulfate 

0.00 

346 

267 

608 

1.0 

1.0 

2.0 

33.30 

442 

484 

796 

1.7 

2.3 

3.7 

50.00 

758 

737 

947 

3.4 

4.0 

5.2 

54.00 



1906 



11.0 

59.50 

1190 

1320 


5^9 

7M 


66.70 

4080 

1700 


22.1 

10.8 



It will be noted that there is a wide divergence in the molecular weight 
value for the 66.7 per cent baac chrome nitrate, as shown in the two tables. 
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Riess and Barth found that heating either the 33.3 or the 66.7 per cent 
basic chrome chloride solutions employed had but little effect upon the 
molecular size determined, whereas heating the zero basic produced a slight 
increase. Addition of two moles sodium formate or sodium oxalate per mole 
Cr to the zero or 33.3 per cent basic nitrate solution did not affect molecular 
size. Adding 0.50 mole sodium sulfite per mole Cr to a chrome alum solution 
caused an appreciable and immediate increase in molecular size, which 



Figure 161 

gradually diminished on standing. These authors point out that the chrome 
solutions most generally employed mid whose basicity values range between 
30 and 50 per cent contain from 2 to 5 chromium atoms per molecule, and 
thus fall within the crystalloidal range. 

In 1937, The is, Serfass and Weidncr 97 studied the effect of time and of 
temperature upon the relative particle size of the chrome compounds con* 
tained in 1.0 per cent CraOs solutions prepared from a 35.0 per cent basic 
dry chrome sulfate tanning extract. The values were determined by diffusion 
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methods which were similar to those employed by Riess and Barth. The 
term “particle size’ 1 designates the size of the chrome complex in its hydrated 
form. The results are shown in Figure 161, which indicates a rapid decrease 
in particle size as the liquor was heated, dropping from a value of 2.0 at 20° 
to 1.0 at 100°. When the liquors noted, which had been heated to the various 



temperatures shown, were allowed to age for 10 hours, the particle size reached 
an approximately common level throughout. The uppermost curve of the 
figure illustrates the fact that in a freshly made solution at 20° the particle 
size decreases rapidly as a function of time, reaching an equilibrium value in 
220 minutes. 
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Serfasn and Theis 78 next studied particle size changes in an approximately 
pure basic 30.0 per cent basic chrome sulfate which contained no sodium 
sulfate. Solutions containing 1.0 per cent chromium were employed and the 
effects of aging and of the addition of sodium sulfate were studied. The 
various solutions were prepared by adding to the dry chrome compound the 
requisite number of moles of sodium sulfate per mole of Cr. To these dry 
mixtures was then added sufficient distilled water to produce 10.0 per cent 
chromium solutions, which were then boiled under reflux for 10 minutes. 
After cooling, the solutions were accurately diluted to 5.0 per cent Or, were 
boiled under reflux for 30 minutes and were rapidly cooled; from them 1.0 
per cent Cr dilutions were made. The results of particle-size studies, made 
by the diffusion method, a re shown in Figure 162. 

Figure 162 indicates a gradual diminution of particle size as a function of 
aging, although the change occurring between 5 and 26 hours is not marked. 
But great increases of particle size are induced by the presence of sodium 
sulfate. Serf ass and Theis noted that the addition of sodium sulfate had 
progressively increased the pH values of the solutions, as reported by other 
workers, and that aging caused an initial drop in pH value, followed by a rise. 
'They found also that the sulfate radicals which penetrated into the chrome 
complex during boiling wen' released upon aging. The amount of complexly 
bound sulfate in the aged 1.0 per cent solutions was independent of the total 
sulfate coneentration of the solution; the value approximated one mole of 
sulfate for each two moles of (Y. The degree of olation was found to be 
independent of the amount of added sulfate. Their diffusion experiments 
indicated that the number of chromium atoms present in a single nuclear 
aggregate varied between 12 and 40, depending upon the conditions of prepara- 
lion. 

We cannot be sure from consideration of the various studies described in 
this section that the size of the chrome complex is of great importance, 
especially under the conditions of actual tanning, where great chrome con¬ 
centrations or excessively high basicities are usually not employed. Some 
workers assume that the chrome of the solutions employed in tanning is in 
a highly dispersed state and that increases in its molecular size (leading to 
deposition and tanning) are induced by the removal by the skin substance of 
the acid which has dispersed it. 

The Role of Acid in Cationic Chrome Tanning 

Numerous workers have suggested t hat chrome fixation and acid fixation 
are mutually interdependent processes in cationic tanning. One school 
believes that the cationic chrome is fixed by acidic protein groups while the 
hydrolyzed acid of the solution is simultaneously fixed by the protein basic 
groups. Another school suggests that the fixation of acid by the basic protein 
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groups leads to the deposition or precipitation of an insoluble chrome com¬ 
pound throughout the skin fiber, whereby leather is formed, without neces¬ 
sarily involving the acidic protein groups. According to either line of reason¬ 
ing, it follows that the amount of cationic chrome which may be fixed or 
deposited by hide substance is directly governed by the ability of the hide 
substance to fix acid. Thus, when the acid-combining capacity of the skin 
has been satisfied, no additional chrome fixation can occur; and, further, if 
the skin is kept acid-saturated during the tanning treatment it should fix no 
chrome whatever. Since these assumptions are of particular importance in 
our approach to the mechanism of cationic tanning, they will be discussed 
at some length. 

The first attempt to determine the cationic chrome fixation capacity of 
acid-saturated hide substance was that of Kuntzel and Rioss, 46 in 193(5. They 
reported that acid-saturated hide powder treated for two hours (the tempera¬ 
ture of tanning was not stated nor was the method of tanning described) wit h 
10 per cent Cr 2 0 8 (on hide substance basis) of a zero basic chrome sulfate liquor 
which had been boiled 15 minutes fixed no chrome. In a similar experiment 
employing a 46 per cent basic liquor boiled 15 minutes, cooled, and then com¬ 
bined with sufficient sulfuric acid to render it zero basic, 0.22 per cent Cr 2 0 (j 
w r as fixed. No description was given of the method employed for acid- 
saturation of the hide powder. It was stated that at the end of the two-hour 
tanning period the hide powder was shaken for two ten-minute periods with 
acid pickle solution. No description of the composition of the pickle solution 
was given. It would appear at first glance that the experiments of Kuntzel 
and Riess indicated that no, or practically no, chrome w'as fixed under acid- 
saturated conditions. But their procedures w*ere such, unfortunately, that 
no final conclusions can be draw n from their experiments. In the first place, 
chrome tanning proceeds at a very slow rate under highly acid conditions, and 
no appreciable fixation could be expected in a two-hour tanning period; in the 
second place, shaking the chromed powder with acid solution would tend to 
remove fixed chrome. 

In 1937, Cameron, McLaughlin and Adams 12 demonstrated the quantita¬ 
tive relationship between acid fixation and cationic chrome fixation (see 
Table 223). Their conclusions as to the fundamental importance of acid 
fixation have been questioned by Gustav,son, 30 w r ho has stated, contrary to 
the findings of Kuntzel and Riess, that acid-saturated hide substance does 
fix chrome. He visualizes two distinct types of reaction as occurring in 
cationic tanning: “A primary reaction governed by the -number of free 
reactive acidic protein groups, and a secondary reaction independent of the 
state and nature of the groups but indicated to be localized to the peptide 
groups of the protein.” And he states that if cationic tanning depends upon 
the fixation of hydrolyzed acid, it would not be possible for skin which has 
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been pickled to a low pH value to fix acid (and hence cixrome) from a chrome ' 
liquor of a higher pH value. (In practical tanning skins may be pickled to a 
pH value of 2.5 or less and may then be placed in a chrome liquor of pH 3.0 
and chrome will be fixed.) As proof of his two contentions just described, 
Gustavson performed the following experiments. 

Pieces of bated, neutral pelt were presumably saturated with acid by 
pickling for 24 hours in a mixture of sodium sulfate and sulfuric acid to an 
equilibrium pH value of 1 .0. The specimens thus pickled (as well as unpickled 
pieces) were then tanned in 37 per cent basic sucrose-reduced chrome sulfate 
which had previously been boiled and then made decinormal in H 2 SO 4 and 
to which 3.0 per cent sodium sulfate had been added to prevent swelling of the 
pelt. The tanning period was G hours; the temperature of tanning was not 
stated, nor whether agitation was employed. The chrome concentrations 
given are shown in Table 220. It was not stated whether the leathers were 
washed or pressed after tanning to ?*emove uncombined matters. 


No 

1 

2 

3 

4 


Table 226 


Cone, of Thu Liquor 
gms OrsOa per 1. 

14 

23 

47 

93 


,-[» (}r ctM ,( Cr?Oj fixed on II,S. ba«m— -- 

l/upickled Pelt Pickled Pelt 


4.2 

4.5 

4.6 
4.8 


1.0 

2.1 

32 

4.3 


In order to prove his second contention, as noted above, Gustavson tanned 
three skin specimens in the mmir chrome volution, under the following condi¬ 
tions. One piece was unpickled, the second contained 1.5 per cent H 3 SO 4 
and the third 4.5 per cent on a collagen basis; all three were placed in a basic 
chrome sulfate solution of the concentration and basicity shown in Table 227. 
Tanning time was 24 hours; the temperature of tanning was not stated, nor 
whether agitation was employed. From these experiments Gustavson con¬ 
cluded that in dilute chrome concentrations (such as would be employed in 
tanning) chrome fixation is regulated by acidity conditions, whereas the 
tanning mechanism in highly concentrated liquors is independent of acidity 
conditions. 


Table 227 


No NhI ure of Tan 

1 37% basic, 11 gins per 1. Cr/Ji 

2 37% basic, 110 gms per 1. OrjO* 

3 60% basic, SO gms per 1. Or/h 


-- Per CrgO.1 fixed, on iJ S bnwih- - 

UnpicUed Low Pickle High Pickle 

4.9 4.8 4.9 

5.4 6.1 5.3 

7 4 7.6 5.9 


Gustavson regarded the fixations shown in Table 220 as proof that acid- 
saturated hide substance does fix chrome, the reaction being independent of 
acid conditions and occurring by means of a direct coordination between 
the protein peptide groups and the chromium atom. But it must be noted 
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that Gustavson was unfortunately not dealing with acid-saturated conditions; 
hide substance pickled to pH 1.0 is far from being acid-saturated (see Table 
222 ). In order to prove definitely the point in question, it is necessary that 
the hide substance be actually acid-saturaied, and that the chrome liquor 
contain sufficient free acid to insure that its free acid concentration is as 
great as the acid concentration of the pickle solution with which the hide 
substance had come into equilibrium. Otherwise, fixed acid will leave the 
pickled hide substance and flow into tlic surrounding chrome liquor. Thus, 
in order to maintain even the acid fixation reached at pH 1.0 in the pickle, 
Gustavson would have had to have added at least 8.5 grams ILSO* per liter 
of chrome liquor, assuming that such added acid did not react with the boiled 
chrome liquor. In regard to the results shown in Table 227, if Gustavson 
had run his experiments to true tanning equilibrium he would have found 
exactly the same chrome fixations for each of the three specimens which were 
tanned in the same jar of liquor, as will be shown below. 

In 1940, McLaughlin, Adams and Cameron 56 investigated the two con¬ 
tentions of Gustavson; their experiments will now be considered. In order to 
establish whether cationic chrome is fixed bv hide substance under conditions 
which are actually acid-saturated, they proceeded as follows. Calf skin 
squares, as described on page 444, were pickled to complete acid-saturation 
by agitation for 24 hours at 70° F at 19 rpm in a solution containing 25 per 
cent sulfuric acid on hide substance basis and 32 per cent sodium sulfate; 
each 100 grams dry squares received 750 ml of pickle solution. At the end 
of the pickling period, 50 per cent basic chrome sulfates sulfuric acid, and 
sodium sulfate were added and the various solutions were brought to the final 
dilutions shown in Table 228. It will be noted that sufficient acid was added 
in each case to maintain a uniform pH value* throughout the entire series of 
solutions; this pH value was exactly the same as that of the* exhaust pickle 
liquor. In this way, pickling equilibrium was maintained, so that no fixed 
acid left the skin. The concentration per ml of tan solution in sodium sulfate* 
was maintained constant throughout; this prevented swelling or shrinking 
of the skin. The mixtures described were then agitated for 48 hours at 90° F 
at 19 rpm. 

At the end of the tanning period, the squares w r ere removed and drained, 
and were then pressed tw r icc at 5000 pounds, after which they were promptly 
weighed and then dried, ground and analyzed. The amounts of chrome 
present in the hide substance for the various chrome concentrations 
are shown in the table. The question arises as to whether these amounts of 
chrome are actually fixed or deposited by the skin or whether they are merely 
present as a function of their solvent water being bound. If the latter is 
true, there should be a direct, quantitative relationship between the dilution 
of the liquor given and the amount of chrome present in the pressed skin. 
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But if the chrome is actually fixed or deposited no su6h relationship should < 
he found. The percentage of “bound water” is shown in the table. These 
bound water values were obtained by adding together the weight of chrome, 
total sulfate, and hide substance and deducting their sum from the weight of 
the pressed specimen. It is at once apparent from the values of the table 
that there is a direct relation between the chrome present in the pressed skin 
and its hound water content. Taking, for example, the first experiment of 
the table: when 5 grams of Cr 2 0 3 arc dissolved in 1540 ml the concentration 
per mi is 0.00325 gram. The 100 grams of pressed skin contains 130.5 grams 
bound water; multiplying this by 0.00325 equals 0.42 gram Cr 2 0 3 , which is 
the theoretical amount to be expected in the pressed skin if no fixation or 
deposition has occurred. The value found by analysis is 0.37 gram. When 
the skin was treated with the same 5.00 grams Or 2 () 3 , but in a dilution of 3100 

1 able 228 


Ciivt'ii 100 C*mn Pickled U.S- -- -Analysis after Tan H.S Basis- 


Ml of 

% 

Acid 


Pressed 

W t after 

% 

CrsO* 

% 

Total 

% 

Bound 

Theoretical 
Cr*0» in 

Solution 

Cr?cn 

s<n 

Na^SOi 

Tan 

Present 

so* 

Water 

Bound Water 

1540 

5.00 

40.02 

32.00 

240 

0.37 

9.14 

130.5 

0 42 

3100 

t i 

52.54 

04.00 

219 

0.24 

8.22 

140.6 

0.23 

0280 

a 

85.34 

128.00 

255 

0.13 

8 07 

146.8 

0.12 

1540 

10.00 

49.81 

32.00 

242 

0.75 

10.39 

130.9 

0.85 

3100 

(S 

01.05 

64 AX) 

247 

0.48 

8.69 

137.8 

0.45 

0280 

Ll 

94.45 

128.00 

247 

0.27 

8.12 

138.6 

0.22 

1540 

20.00 

68.30 

32.00 

230 

1 21 

10.34 

1185 

1.54 

3100 

a 

80.20 

64.00 

240 

0.87 

9.01 

130.1 

0.84 

(>280 

a 

113.00 

128.00 

244 

0.54 

8.36 

135.1 

0 43 

1520 

40.00 

102.00 

32.00 

237 

2.22 

11.84 

123.0 

3.26 

3100 

44 

117.20 

64.00 

237 

1.56 

10 17 

125.2 

1.61 

0280 

a 

150 00 

128.00 

242 

0.91 

9 03 

132.1 

0.84 

1500 

80.00 

173 (X) 

32.00 

212 

3.97 

15.35 

92.7 

4.91 

3200 

44 

209.00 

64.00 

215 

2.25 

12.54 

100.3 

2 51 

0480 

a 

289.40 

128 00 

237 

1.73 

11.61 

123.7 

1.52 

1500 

100 AX) 

210.00 

32.00 

212 

4.77 

17 34 

89.9 

6 AX) 

3150 

a 

237.00 

64 00 

225 

2.9d 

13.25 

108.9 

3.45 

0450 

a 

291.00 

128AX) 

240 

1.86 

11.43 

126.7 

1.96 


ml, the theoretical chrome value would be 0.23 and tin* actual is 0.24; when 
the dilution is 0280 ml the theoretical value is 0.12 and the actual 0.13. The 
same close agreement between theoretical and actual is noted throughout 
until 40.00 per cent Cr 2 0 3 is reached. But oven here, and also in the still 
higher concentrations given, it is seen that as long as the chrome concentra¬ 
tion does not exceed 0.020 gram (T 2 t) 3 per ml, the agreement between theo¬ 
retical and actual values is excellent. When this concentration is exceeded 
the liquor is no longer able to adequately penetrate the acid-saturated skin, 
and the chrome present in such oases is less than the theoretical. It was 
found that the bulk of the chrome present in the pressed skin of Table 228 
may be removed by washing with water, whereas chrome which is fixed or 
deposited can not be so removed. These authors therefore consider that no 
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chrome fixations whatever occur when an acid-saturation condition is actually 
maintained, 

McLaughlin, Adams and Cameron next considered the results of Gustav- 
son’s experiments shown in Table 227, which, as noted, had not been run to 
tanning equilibrium, which fact accounted for the differences in chrome 
fixations found. These authors had pointed out that it makes no difference 
in cationic tanning whether acid is added to the tanning system by employing 
pickled skin or by adding the same amount of acid to the chrome liquor and 
using unpickled skin, that is, assuming that true tanning equilibrium is 
reached. If so, chrome fixation and leather basicity will be the same in each 
case. This is illustrated in Table 229. Twenty five-gram portions of 


Table 229 

Pickled Hide 8ub.st.ance 


Sample 

No. 

% CraOa 
Given 

% 

Acid 

S04 

Present 

Overall 
Bawcity 
of Tanning: 
System 

Fined 

% 

Total Aoid 

SO« 

Fixed 

Overall 

Bamritv 

of 

Leather 

1 

13.20 

14.65 

41.4 

9.41 

10.51 

41 0 

2 

ft 

16 10 

35.5 

8.56 

10.53 

35.0 

3 

a 

17.56 

29.0 

7.80 

10.60 

28.2 

4 

a 

19.04 

23.8 

7.10 

10.34 

23.1 

5 

a 

20.50 

18 0 

6 12 

9.60 

17 2 

6 

u 

21.22 

15.0 

5.78 

9.49 

13 3 


Unpickled Hide Substance 


7 

13.20 

14.65 

41.4 

9.47 

10.60 

40 9 

8 

u 

16.10 

35 5 

8 44 

10.32 

35.4 

9 

u 

17.58 

29.6 

7.56 

10.10 

29.4 

10 

ti 

19.04 

23.8 

6.86 

10.05 

22.6 

11 


20.50 

18 0 

6.18 

9.78 

16.4 

12 

i{ 

21 22 

15.0 

5.75 

9.34 

14.2 


squares were pickled to equilibrium by continuously agitating for 48 hours 
at 70° F and 19 rpm in solutions containing 32 per cent Na 2 8(>4 on hide sub¬ 
stance basis and varying proportions of H 2 S0 4 :1.55, 2.95, 4.43, 5.89, 7.35 and 
8.07 per cent. At the end of the pickling period, 47.4 per cent basic sulfate' 
chrome liquor (sulfur dioxide reduced) was added and the final volume of tan 
solution was made up to 250 ml. The six samples were then tanned for 48 
hours at 90° F and with constant agitation at 19 rpm. They were then pressed 
twice at 5000 pounds and were dried and analyzed. At the same time a 
duplicate series was run with unpickled squares which were placed directly 
into the 250-ml tan solutions, in which had been incorporated the Na 2 S(h 
and the varying amounts of H 2 S0 4 employed in the pickled scries. The 
twelve separate samples were all tanned at the same time. 

We note from Table 229 that whether little or much acid is given hide 
substance, and whether in the pickle or in the chrome liquor, the net result 
as to chrome fixation and leather basicity is the same. And we also note 
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that the leather specimens—which have been tanned to equilibrium—all 
show essentially the overall basicity of the system in which they are tanned. 

McLaughlin, Adams and Cameron next considered the last point raised 
by Gustavson, namely, that pickled skin could not fix acid from a chrome 
liquor of a higher pH value. This statement incorrectly infers that the 
pickled skin necessarily retains all its fixed acid during tanning. Table 230 
illustrates what actually happens when pickled skin is placed in chrome liquor. 
Calf skin squares were pickled in a lLSC-t/Na^CL solution and were then 
pressed twice at 5000 pounds. Analysis showed the pressed material to 
contain 8.40 per cent fixed acid S() 4 on hide substance. Five 10-gram samples 
were then placed in 100 ml each of 49.5 per cent basic chrome sulfate (sulfur- 
dioxide reduced) liquor, containing 15.05 per cent Cr a 0 3 on hide substance. 


Table 230 




% Fixed 

% Arid 

% Basicity 

% Protein 

Sample 

Hours 

CTaO* 

SO 4 

of 

Bound 

No. 

Tanned 

11 S Basis 

TLS .Basin 

Leather 

Acid SO4 

1 

0.5 

1.81 

0.85 

-100.0 

5.71 

2 

1 5 

3.21 

8.10 

-34.0 

6.13 

3 

12.0 

0.80 

n.30 

4-13 0 

7.06 

4 

24.0 

7.74 

12.22 

+ 10.6 

7.33 

5 

18.0 

8.52 

12.92 

+ 20.0 

7.54 


The overall basicity of the tanning system was thus 21.1 per cent. The five 
samples wore then tanned at 90° F and with constant agitation for the time 
periods shown, and were then removed and were pressed twice at 5000 pounds 
and were dried, ground and analyzed. Protein-bound acid values were 
obtained by deducting from the total fixed acid S0 4 in the leather the amount 
required to make the fixed Cr 2 (>3 60§ per cent, basic. 

Referring to Table 230, it will be recalled that the amount of fixed acid 
S(> 4 of the pickled skin was 8.40 per cent,. If we call this 100 and calculate 
the protein-bound acid of the leather as tanning proceeds in relation thereto, 
the following is found: After one-half hour of tanning the protein-bound acid 
value has dropped to 08; at 1 \ hours it is 73, at 12 hours 84, at 24 hours 87, 
and 90 at the end of the 48-hour tanning period. In other words, the pickled 
skin rapidly loses fixed acid at the start of tannage, forming a new system 
in the liquor of the drum. The skin then proceeds to come into equilibrium 
with the changed conditions, taking up acid and fixing chrome until final 
equilibrium is reached. At this point, the leat her shows practically the same 
basicity as the overall basicity of the tanning system. 

In 1941, Thels 98 tanned pieces of bated goat skin with * increasing con¬ 
centrations of a 331 per qent basic chrome sulfate liquor the pH values of which 
were adjusted as shown in Table 231 and Figure 163. Tanning time was 24 
hours, with constant agitation at 25°. At the end of tanning a specimen 
was tested for shrink temperature and a duplicate was pressed twice at 5000 
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pounds and was dried, ground, and analyzed for chrome. The pH values of 
the various chrome solutions were held constant throughout the tanning 
period. It will he noted that whereas appreciable amounts of Cr 2 0 4 were 
found in the pressed leather at pH 1.0, the shrinkage temperature remained 


Table 231. Effect of pit and Cr 2 0 3 Concentration. 


CraOa 

—Shrink Temporal 

ure—> 

-Per Cent OnOa— > 

Cone 

°C 


m Leather 


pH Vox Cent 

No Salt 

Salt* 

No Salt 

Salt* 


4 

47.5 

43 0 

1.15 

0.57 


2 

53.0 

43.0 

2.08 

0.85 

1 

3 

47 5 

45 0 

3.14 

1 36 


4 

49 0 

50 0 

3.52 

1.66 


[5 

57.0 

53.0 

3.96 

1.95 


1 

69.0 

72 0 

3.41 

2.09 

\ 

2 

73.0 

84 0 

5.60 

3.54 

2 \ 

3 

K5 0 

90.0 

6 82 

4.07 


4 

86.0 

90 0 

7 65 

4.67 


5 

96 0 

92 0 

7.90 

4 87 


fl 

115 0 

109.0 

6.81 

5 26 


o 

112.0 

111.0 

7 91 

6 48 

3 

3 

112.0 

111.0 

9 15 

6 98 


M 

113 0 

110 0 

9 17 

7.25 

15 

1.0N Nad used in the acid 

107.0 

pickle. 

107.0 

9.2K 

7.29 


essentially that of pickled, untanned skin. The temperature of tanning was 
then varied as shown in Table 232, from which it is seen that increasing the 
tanning temperature to 40° O (101° F) did not raise the shrinkage tempera¬ 
ture sufficiently to indicate tannage. The tanning period at. pH 1.0 was then 
increased to 120 hours at 20° with constant agitation. At the end of this 


Table 232. Effect of Temperature.* 


Tanning 

/— Shrink Temperature ---> 

,-.p ( , r (\.„t CVaOi Fixed. 

Temperature 

1 

pH of Tarming 

3 

pH of Tanning 

3 

20 

41.0 

101.0 

0.48 

4.55 

30 

45.0 

110.0 

0.73 

6.37 

40 

50.0 

115.0 

1.25 

7.64 

50 


119.0 


8.08 

70 


127.0 


9.44 


* Skin pickled for 6 hours in I.OiV NaCl solution containing HjSO* to maintain either 
pH 1 or 3—then tanned in 1 per cent (V 2 0 3 solution for 24 hours at pH 1 or 3 at tempera¬ 
tures noted. 


period the pressed leather contained 0.81 per cent Cv^h and showed a shrink¬ 
age temperature of only 44°. # 

Theis points out that if the degree of tannage can he measured by the 
* shrinkage temperature of leather, his experiments indicate that no true 
tanning action occurs at pH value of 1.0. This statement holds true regard- 




CHROME TANNING 


535 



Figure 103. Showing the effect of concentration of chromic oxide m the chrome liquor 
upon shrinkage temperature of resulting leather tanned at different pH values. 


less of type of pickle, chrome concentration given, temperature, or time of 
tanning. 

In view of the findings of McLaughlin, Adams and Cameron and those of 
Theis, it may be definitely concluded that no cationic chrome tanning occurs 
under acid-saturated conditions. 
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Chapter 16 

Theory of Chrome Tanning 


Having in mind the experimental studies and interpretations described 
in the preceding chapter, we shall now discuss the various theories which 
have been advanced to explain the mechanism of chrome tanning. If the 
reader will compare our present theoretical knowledge of this subject with 
the summary given in the second edition of this monograph, in 1929, gratifying 
progress will be noted. There are still many gaps in our knowledge of the 
theory of chrome tanning, there are diverging viewpoints, and it is improbable 
that any single theory will ever explain the many ramifications of the subject. 
But, even so, our fund of scientific knowledge has grown, and its application 
has resulted in improvements of manufacture and in the quality of chrome 
leathers. 

The first theory of chrome tanning was that of the discoverer of the 
process, Friedrich Knapp, 14 in 1858. Knapp regarded chrome tanning as a 
covering of the outside surfaces of the hide fiber by an insoluble chrome 
compound produced by the hydrolysis of the chromium salt. This concep¬ 
tion came to be known as the “physical” theory of tanning, in contradistinc¬ 
tion to the “chemical” theory. This coating or physical theory proved 
untenable, however, when Kimtzel, 16 and also Elod and Siegmund, 5 proved 
by microscopic means that the chrome in leather is not merely present on the 
fiber surface but is distributed throughout its interior as well. 

In 1893, Fahrion 6 suggested that chrome leather was essentially a solid 
solution of tanning material in the hide fiber. And Kbrner, 15 in 1905, made* 
a similar suggestion and believed the insoluble nature of the chrome com¬ 
pound explained the l>ehavior of chrome leather toward hot water. 

In 1908, Stiasny 29 suggested that the mechanism of one-bath tanning 
consisted of the fixation of hydrolyzed acid by hide substance and a simul¬ 
taneous adsorption of the basic chrome component of the diffused tan liquor. 
It should be noted that this original conception of Stiasny is the basis upon 
which all later “deposition” theories have been built. 

In 1917, Wilson 34 suggested that collagen, acting as an acid, and chromium 
hydroxide, acting as a base, combine to form the very stable salt, chromium 
eollagenate. Wilson answered the obvious objection that both collagen and 
chrome are positively charged in cationic chrome tanning by postulating that 
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even though the charge on the collagen is predominantly positive, there still 
remain a small number of negatively charged groups scattered throughout 
its structure. Chromic ions diffuse into the fiber and combine with such 
groups. Further ionization of both collagen and chrome then occurs, and 
tanning proceeds to equilibrium. The hypothesis just described is now of 
historical interest only, but is mentioned because it is the first clearly stated 
“chemical” theory of chrome tanning. 

In 1922, Thompson and Atkin 33 suggested the following tent ative hypoth¬ 
esis. Since cationic chrome solutions may contain anionic complexes, they 
visualized that such negatively charged compounds combined with the 
positively charged collagen; and as such groups were thus removed, more 
would be formed. Seymour-Jones 27 demonstrated that this hypothesis could 
not be of general application, by tanning skin in a liquor containing no anionic 
complexes; this finding has since been repeatedly confirmed. But Thompson 
and Atkin’s suggestion was of importance because it drew attention to anionic 
compounds and the necessity of explaining their combination with hide 
substance. 

With this theoretical background before us, we shall now consider our 
present conceptions, dividing them into two general classes: (1) those in 
which specific groups in either or both of the two reactants are involved, and 
(2) those dealing more particularly with the deposition of chrome in and on 
the collagen fiber. 

Class (1) 

In 1921, Freudenberg 7 pointed out the pronounced tendency of the 
chromium atom to ooordinativcly saturate itself with nitrogen compounds, 
as in ammine-chromi salts, and with oxygen compounds, as in chromium 
compounds containing urea in their nuclei. He then suggested that this 
phenomenon might explain the mechanism of chrome tanning. According 
to this reasoning, such groups as - NIlo, “-Nil and — CO — would pene¬ 
trate into the chromium nucleus and displace other eoordinatively held groups; 
but they would still remain a part of the collagen molecule, thus furnishing a 
connecting link between chromium atom and collagen. (Freudenberg’s 
theory of vegetable tanning is discussed in Chapter 18.) Wilson 35 has 
speculated that the mechanism just described would make possible the 
combination of collagen with all the valency forces of the chromium atom, 
both primary and secondary. Thus, six negative protein groups could 
penetrate the chrome nucleus; the nucleus as a whole would then have three 
negative changes, and these charges could them further combine with three 
basic protein groups. 

In a long series of papers, starting in 1924 and summarized in his book, 
Stiasny 30 and his collaborators have considered the mechanism of chrome 
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tanning from a different angle from that of his first conception, in 1908. In 
a lecture published in 1930, Stiasny* 1 gives an interesting discussion of the 
mechanism of all types of tanning; from this lecture we quote his views on 
chrome tanning, as follows: 

“Turning now to mineral tannage, attention must be drawn to the fact 
j that only those chromium complexes are capable of tanning which contain 
| hydroxyl groups. Chromium complexes which are free of hydroxyl groups 
\ and which do not by secondary changes (hydrolysis) form complexes contain- 
I ing hydroxyl groups, have no tanning capacity. Mineral tannage, therefore, 

; can be explained in a manner analogous to vegetable tannage, the hydroxyl 
\ group of the tanning agent providing the secondary valencies, which attach 
1 the tanning agent to the hide. The analogy can be carried still further, the 
secondary valencies being in both cases attached to the hydrogen and not to 
the oxygen of the hydroxyl group. This is not only a 'priori most probable, 
considering the little affinity of oxygen (in the tannin molecule) to oxygen or 
nitrogen (in the collagen), but is also proved by the fact that chrome liquors 
with completely dated chromium complexes exert a strong tanning action. 

“It must be remembered that the oxygen in such chromium complexes is 
coordinatively saturated (the coordination figure for oxygen being 3) and has 
no capacity for exerting secondary valencies. In the dated chromium com¬ 
plex, only the hydrogen of the hydroxyl group can provide the secondary 
valency necessary for the formation of a molecular compound with the hide 
collagen. 

“The theory laid down for vegetable and for mineral tannages has to be 
supplemented by the claim of the considerable size of the tanning molecule. 
As far as chrome tannage is concerned, this claim Is supported by the fact 
that the chromium salts bound in chrome leather are highly basic and, there¬ 
fore, must contain large chromium complexes formed by olation. The two 
conditions, viz., the presence of active hydroxyl groups and a considerable 
molecular size do not only apply for vegetable and mineral tannage but also 
for oil tannage. 

“Those who prefer the idea that primary valencies are responsible for the 
combination with hide and tanning agent are localizing this action on the 
chemically active side chains in the polypeptides of which the collagen is 
built. Those in favor of secondary valencies causing combination between 
hide and tanning agent must be inclined to localize these secondary valencies 
on the peptide groups themselves, and it may be both the nitrogen and the 
oxygen of these groups which react with the tanning agent. 

“According to our present knowledge, and especially to the view given 
, above, the following definition seems justified: farming means the trans¬ 
formation of the lyophilic groups in hide collagen into lyophobic groups. This 
transformation can be obtained either by reactions between active groups of 
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the collagen and hydroxy groups of the tanning agent, due to secondary 
valencies on both components, the vegetable, mineral and fat tannages being 
examples of these kinds of action; or by such reactions between hide and 
tanning agent, whereby primary valencies are concerned, not necessarily 
including the process of salt formation. Examples of this kind of tanning are 
given by the formaldehyde tannage, quinone tannage and tannage by 
halogens.” 

Sti&sny’s views explain his belief that the nature of the charge on a chrome 
complex is of no great importance, since the coordinative power of its hydroxyl 
hydrogen is the governing factor. In connection with his contention that 
only those chrome compounds containing a hydroxyl group (or gaining same 
through hydrolysis) are capable of tanning, Kiintzel, Riess and Kdnigfold 18 
have offered the speculation that the chrome complexes fixed by hide substance 
are oxo rather than ol compounds. And the contention that the size of the 
chrome complex is of primary importance has been discussed on pages 523 
to 527. 

In 1924, Thomas and Sey mour-Jones 32 tanned hide powder with various 
materials and then studied their behavior toward treatment with trypsin 
(see page 598). They found no tryptic digestion of chrome-tanned powder, 
and this finding has been essentially confirmed by Bergmarm, Pojarlieff and 
Thiele, 1 who employed leather specimens. Thomas and Seymour-Jones 
postulated that since the enzyme is presumed to attack the polypeptide 
linkage, and since no digestion of the chrome-tanned powder occurred, it may 
he reasonably assumed that chrome may have combined with—and thus 
have inactivated—the peptide linkage. But we would point out that no 
final conclusions of this nature may be drawn until further experimentation 
has shown whether chrome itself inactivates the enzyme, and the pH value 
of the*; experimental system must be so controlled that enzyme inactivation 
will not occur as a function of the hydrolyzed acid of the leather. Merrill 24 
has pointed out that we are not certain that the peptide linkage is the only 
point of attack by trypsin on collagen. 

In 1926, Gustavson 8 stated his conception of chrome tanning as follows. 
“Fixation of cathodic chromium by hide substance, the regular type of one- 
bath chrome tanning, is regulated by the acidic and basic groups of collagen. 
Primary valence is probably concerned in the reaction w r ith acidic groups and 
secondary valence with the basic groups of the proteins. The result is an 
internal complex salt. Anodic chrome fixation shows a maximum rate in 
the isoelectric zone of the proteins and is probably of residual valence type. 
This reaction is distinctly different from the combination of chromium cations 
with collagen.” In 1927, 9 he explained the retardation of cationic chrome 
fixation by hide substance which has been previously deaminized or pretanned 
with formaldehyde, as follows. “The above data evidently favor the view 
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that the inhibition of cationic chrome fixation by hide protein possessing a 
less number of reactive basic groups than regular protein is connected with the 
diminished acid combining capacity of the structurally altered hide powder/’ 

In 1931, in view of the enzymatic experiments of Thomas and Seymour- 
Jones described above, Gustavson 10 revised his views regarding cationic 
tannage and considered the mechanism to consist of a primary reaction 
between the complex chromium cation and the collagen carboxyl groups and, 
in addition, the formation of a molecular compound between chrome complex 
and collagen peptide group. In other words, he contemplated a ring 
structure in which the complex would be attached at two points of the 
protein molecule. This concept is not related to the bridging of adjacent 
polypeptide chains. Kuntzel and D rose her 20 have criticized Gustavson \s 
conception, stating that peptide groups react with chrome in strongly alka¬ 
line solutions only and that reaction in acid solutions is quite unlikely. 
Merry 25 has stated that since cationic tanning occurs on the acid side of 
the isoelectric point of collagen, the amount of ionized carboxyl groups 
would be very small and that the electro-valent primary reaction postu¬ 
lated by Gustavson is extremely improbable. Gustavson 11 has answered 
this objection by pointing out that, according to Jordan Lloyd’s 21 titration 
curve of collagen, 75 per cent of its carboxyl groups are in the ionized 
state at a pH value of 3.0, which is a normal pH value in chrome 
tanning. 

Following the announcement by Spiers, 28 in 1934, of his “bridging” theory 
(to be described), Gustavson 12 revised his views in 1936 and 1937 as follows: 
“The resistance of chrome leather towards the action of boiling water is 
considered to be due to the presence of connecting links between the structural 
units in the chrome-collagen compound. The chrome complexes serve as 
bridges through participation of ionic-covalent forces to the acidic protein 
groups of one chain and of coordination valency to the discharged basic 
groups of another peptide chain.” In 1939, in discussing the role of hydro¬ 
lyzed acid in cationic tanning (see pages 527 to 535), Gustavson 18 further 
revised his views as follows. “It is demonstrated that even in dilute solutions 
of basic sulfates, besides the dominating reaction which is controlled by the 
activity of the acidic groups of the protein, another type of chrome fixation 
occurs. The latter process evidently is not influenced by the state of the 
acid-binding protein groups. For many reasons, only one wall be mentioned 
further on in this connection; the primary reaction does not appear to be 
governed by the acid hydrolysis of the chromic salt. Instead , a great number 
of observations, to be given in detail in another place, support the view tliat the 
„ main fixation process rather should be formulated as a coupling of cationic 
chrome complexes with the COO"' groups of the hide protein. With increased 
concentration of the chromic sulfates, the pH independent attachment of 
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chromic compounds grows in importance, and in strong solutions it dominates. 
This latter process is indicated to he of the nature of a direct coordination of 
the protein, probably by means of its --CO—HN - groups, to the chromium 
atom.” It will be recalled in this connection that McLaughlin and Adams 23 
have shown that no type of chrome fixation occurs, with either dilute or highly 
concentrated liquors, under conditions which are actually acid-saturated. 

In a paper published early in 1934, Spiers 28 discussed the mechanism of 
tanning and made the following significant statement. “On tanning collagen 
the shrinkage temperature is raised by an amount depending upon the tanning 
agent used. In the case of chrome tannage the shrinkage temperature may 
be much over 100°. This alteration seems to be of profound importance from 
the point of view of the nature of the tanning process. Docs the tanning 
agent prevent the shrinkage by a mere mechanical blockage, or does it pene¬ 
trate the micelles and somehow rivet together the polypeptide chains, pre¬ 
venting them from undergoing spatial alterations? One would imagine that 
chrome compounds could be especially effective in linking together the 
chains because chromium atoms form very stable? coordination compounds 
containing both carboxyl and amino groups. Thus a chromium atom could 
serve to bind together two adjacent chains, by a carboxyl group from one and 
an amino group from the other.” The ideas here expressed by Spiers repre¬ 
sent the first suggestion to be found in leather literature of the riveting to¬ 
gether of adjacent protein chains by a tanning material. His theory has been 
accepted by numerous workers and has been variously applied by them.* 

In 1934, Kuntzei, Reiss, Papavannis and Vogel 17 stated that the chrome 
complex combined with collagen in cationic tanning was electrically neutral 
and that all its acid radicals were complexly held (see page 523). In view 
of this, they contended that the chrome compound could not be held by a 
salt-like linkage. But after the publication of Spiers' bridging theory, 
Kiintzel and Riess/ 9 in 1930, restated their conception as follows. They 
assumed that polynuclear chrome complexes (in which the Cr atoms are 
linked together by oxygen atoms) form bridges between adjacent polypeptide 
chains. The amino group of one chain and the carboxyl group of .another are 
coordinated with a Cr atom, as shown on page 544. 

They state the chrome complex must be large enough to span the space 
between the fibrils and that the carboxyl groups must be ionized, so that they 
can react with the peripheral Cr atoms of the complexes. They speculate 
that when chrome leather is treated with acid the acid combines with its 
amino groups, thus breaking the secondary valence bond between such groups 
and the chrome complex. But they assume that after such treatment there 
would be sufficient remaining primary valence bonds between Cr and carboxyl 

*Jn other words, Spiers applied the original cross linkage postulation of K. H. Meye 
and H, Mark, Aufhau der hochpolymeren organischm naturstoffe, Liepzig, 1930. 



544 


CHEMISTRY OF LEATHER MANUFACTURE 


0 

-COO Or • H 2 N - 

I! 
o 




o 


-NHrOOOC- 


() 


groups to prevent acid swelling of the leather. This latter linkage is broken 
only by an excess of added acid. They liken the changes which occur when 
chrome leather is dried to those presumed to take place in the evaporation of 
a cationic chrome extract; that is, ionieally chrome-bound acid radicals enter 
the chrome complex and aquo groups are lost. 

In 1935, Jordan Lloyd 22 discussed the mechanism of tanning. She first 
called attention to the influence and importance of the size of the tanning 
molecule (see page <521). She then summarized the tanning action as follows: 
“To turn skins into durable and useful leather, therefore, there must be an 
inactivation of all the active centers in the molecule (collagen), thus leading 
to loss of chemical activity, elimination of water and, as a direct consequence, 
a protection of the peptide links. This inactivation should as far as possible 

be an irreversible change.To sum up, tanning means suppression of the 

chemically active centers of the R groups (side chains) of the collagen mole¬ 
cule, with dehydration and protection of the peptide links of the molecular 
backbones. The carboxyl groups of the collagen, which form negatively 
charged centers in water, will be inactivated by the acid character of the tan 
liquors and the amino groups which form positively charged centers in water 
by chemical interaction with the tanning agent. The first stage of this, with 
vegetable tannins at least, and more than probably with chrome tanning 
salts also, is the formation of a salt- in which the collagen acts as a base and 
the tanning agent as an acid. Later this eleotrovalent link is transformed 
into a covalent link. Supression of the positively and negatively charged 
centers will lead to loss of bound water by the collagen. With vegetable 
tanning, the hydroxyl groups of the tannin probably also interact with the 
imino groups of the polypeptide backbone. This will lead to protection of 
the backbone from proteolytic enzyme action. Whether a similar action 
occurs with chrome salts is not known." > 

In a series of papers starting in 1936, Wilson 36 considered the phenomena 
of tanning from the electronic standpoint. His views regarding chrome 
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tanning may be summarised as follows. The imino-carbonyl link is the 
weakest part of the collagen structure. Chrome tanning consists of the 
replacement of these weak links by stronger links of atomic chains. This 
occurs by the displacement of eoordinately held II 2 0 (or other) molecules by 
amino or carboxyl groups, whereby long and stable coordinate links are 
formed (see formula below). The short imino-carbonyi links may also be 
replaced by the longer links. This conception is not unlike that of Freuden- 
berg, described above, Wilson did not state whether the mechanism just 
described referred to the bridging of adjacent protein chains, or whether the 
chromium is attached to a single chain only* 
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The first deposition theory (in contradistinction to Knapp’s surface-coat¬ 
ing theory) was announced, as we have noted, by Stiasny in 1908. Essentially 
similar views were expressed by Procter 26 in 1910, and by Burton 2 in 1922. 

In 1932, Kidd and Siegmund 5 removed all electrolytes from cationic- 
tanned leather by means of electrodialysis. The leather so treated did not 
shrink in boiling water and showed an isoelectric point between 5.7 (the value 
found for the untanned collagen employed) and 7.3, the value for pure chro¬ 
mium hydroxide. In view of this isoelectric value, these authors concluded 
that the chromium hydroxide present in the dialyzed leather was in the free 
state -that it was not chemically combined with collagen. In support of 
this conclusion, they placed dehydrated skin in an alcoholic solution of 
chromium ethylate and then in warm water, whereby chromium hydroxide 
was formed and was deposited throughout the collagen fibers. This leather 
also resisted the action of boiling water. They then tanned skin to equilib¬ 
rium with cationic chrome, after which they removed by electrodialysis its 
total acid radical content and then retamied it; these operations were repeated 
until 44.00 per cent CT 2 0 3 was fixed. Itetannage in the absence of electro¬ 
dialysis resulted in only minor increases of chrome fixation. This indicated 
that acid fixation and chrome deposition arc mutually interdependent 
processes. When the acid-combining power of skin is exhausted, no further 
tannage occurs. Microscopic examination of all the various leathers described 
showed the chrome to be uniformly distributed throughout the collagen fibers. 
Klod and Siegmund interpreted their experiments as follows. One-bath 
chrome tanning is a deposition process; the skin fixes (reversibly) the free 
acid of the liquor, which leads to further hydrolysis and to the deposition of 
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a highly basic salt. Both chromium hydroxide and other highly basic com¬ 
pounds can tan, providing they attain suitable particle size (through hydrol¬ 
ysis or elation) and are uniformly distributed throughout the fiber. In 1934, 
Elod and Cantor 4 stated that the deposited chrome compounds react with 
active protein centers by means of secondary valencies. 

In 1930, Merry 25 stated that the British Leather Manufacturers’ Research 
Association, in a private report issued in 1922, had suggested as a working 
hypothesis that cationic chrome tanning consisted of the deposition of a GOf 
per cent basic chrome sulfate in and on skin fibers. It was assumed that part 
of this basic salt combined chemically with collagen, possibly by an inter¬ 
action involving its NH 2 groups and the OH groups of the chrome salt. In 
other words, a “deposited basic salt and a compound of this with collagen/’ 
In support of this latter statement, Merry found that if freshly tanned leather 
is treated with oxalic acid, about one-third of the total fixed (V 2 Oy is not 
stripped unless the temperature of the treating solution is raised. He sug¬ 
gested that this one-third is chemically combined with collagen, whereas the 
other two-thirds is the* deposited, unchanged basic salt. Cameron, Mc¬ 
Laughlin and Adams 3 repeated this experiment, employing both wet, freshly 
tanned leather and leather that was dried and aged. They found in both 
cases that treatment with oxalic acid removed only part of the fixed or 
deposited basic sulfate, which seemed to confirm Merry’s finding. But they 
noted that when sufficient chrome was stripped, the now partially tanned 
leather was greatly swollen by the acid, and this inhibited the outward 
diffusion of the reversed chrome. When the acid solution was replaced with a 
saturated solution of sodium oxalate the swelling was reduced and the remain¬ 
ing chrome in the skin diffused out at a rapid rate. "Their finding has recently 
been confirmed by Lollar. 

In 1937, Cameron, McLaughlin and Adams 3 published experimental 
evidence which proved that there is a quantitative relationship between acid 
fixation and subsequent chrome deposition in the case of chrome sulfate* 
tanning. They also showed that the deposited chrome is always the 60$ 
per cent basic chrome salt, regardless of the original basicity of the chrome 
liquor used, and that such fixation or deposition of chrome is a completely 
reversible process (see pages 505 to 510). In 1940, McLaughlin and Adams 23 
proved that when the acid-combining capacity of collagen is satisfied, the 
collagen has no ability to fix cationic chrome (set* pages 530 to 534). 

We stated at the beginning of this chapter that encouraging advances 
have been made in our knowledge of the theory of chrome tanning during the 
past fifteen years. This progress has gone hand in hand with a better under¬ 
standing of the chemistry of proteins in general and of collagen in particular. 
There can be but little doubt that future progress in the theory and applica- 
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tion of chrome tanning will go hand in hand with the growth of protein 
chemistry. The bridging theory of Spiers is a conception which is both 
logical and attractive, and one of the most important problems of the future 
is the proof of its correctness. There would now seem to be no reasonable 
doubt that, in the case of cationic tanning, at least, the process is primarily 
concerned with the fixation of the acid of the chrome solution which has 
diffused into the skin fiber and the subsequent deposition of a highly basic 
insoluble chrome compound. But it remains to be proved whether this 
compound is merely deposited, or whether it chemically combines with the 
skin protein and, if so, in what manner. Much work remains before we can 
adequately explain anionic tanning. 
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Chapter 17 
Vegetable Tanning 


When animal skin is placed in an aqueous infusion of certain woods, 
barks, nuts, roots or leaves, it undergoes a remarkable change* Whereas the 
moist original skin is easily decomposed by warm water or by bacterial 
enzymes and is quickly shrunk if subjected to heat, it now has entirely new 
characteristics: it no longer dissolves in water, is comparatively unaffected 
by bacterial enzymes, and is capable of resisting a great deal of heat. In 
other words, it is no longer raw skin but has become vegetable-tanned leather. 
This means that the vegetable “tannins” of the solution have in some manner 
reacted with the skin proteins and that a new compound is formed. It is the 
purpose of this chapter to describe and to discuss what is known of this 
reaction. The reader will recognize that the* problem to be considered— 
entailing, as it does, the reaction between complex proteins and the complex 
organic bodies termed tannin constitutes a question which is at once the 
delight and the despair of the leather chemist. Vegetable tanning is of 
ancient origin, but evert today we have much to learn of its fundamentals. 

This is not due to laxness on the part of the leather chemist; it is because 
he has had to aw r ait the advances of modern protein chemistry and physics 
and newer methods in organic chemistry; and it. is a source of satisfaction 
that leather chemistry has itself contributed in a substantial manner to these 
fields. 

Before proceeding with the scientific discussion of vegetable tanning, it 
will be well to understand something of its economics and also something 
of the general methods of tanning. 

The great bulk of all sole, harness, and belting leathers produced in the 
United States is vegetable-tanned; these are termed “heavy” leathers and are 
made from the heavy hides of mature animals, such as the steer and the cow. 
A smaller proportion of the country's vegetable tannin requirement is used 
in the production of various lighter leathers from the smaller skins of calf, 
sheep, goat, etc. A further small proportion is employed in the manufacture 
of the so-called “retan” leathers, that is, leathers made from medium- and 
heavy-weight hides, such as cow, which are lirst tanned with chromium ehm- 
pounds and then retanned with vegetable tannin. Tn order to accomplish 
all this vegetable tanning, the United States consumed some 100,000 tons of 
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100 per cent tannin in 1939. This tremendous quantity of tannin came from 
numerous botanical sources and from various parts of the world. It is 
interesting to note the percentage relationships of the various kinds of tannin 
to the total used, as shown in Table 233. 


Table 233. Sources of "Tannin. 


Percentage of Total 


Quebracho wood 

44.2 

Mangrove bark (ditch) 

5.4 

Myrobalans 

4.6 

Wattle bark 

3.8 

Valonia 

3.6 

Gambier 

1.0 

Sumac 

09 

Chestnut, wood 

30.8 

Spruce (by-product of paper mills) 

3.0 

Oak bark 

1.7 

Hemlock bark 

1.0 

100.0 


The first seven materials shown in the table are imported, and it will be 
noted that they constitute 03.5 per cent of the total. The quebracho tree 
(Quebracho lorcntzii) grows in South America. Mangrove bark is obtained 
from several species oi lihizophora which grow in various tropical countries, 
the most important source hitherto being Borneo. Myrobalans are the dried 
nuts of Tcrminialia chcbula , native to India. Wattle bark is derived from 
various species of Acacia grown in Australia and South Africa. Valonia 
comes from the cups and beards of the acorns of the Turkish oak, Qucrcus 
acgtlops , indigenous to Asia Minor, (uimbier is obtained from the leaves 
and twigs of Nauclca Vambir found in India and the East Indies. Sumac is 
secured from the leaves of Iih us Canaria grown in Sicily. The remaining 
four materials of the table are of domestic origin. Chestnut w r ood, Castanca 
(lentata , is found in a number of the eastern and southeastern states. Spruce 
extract is a by-product of the manufacture of paper from spruce wood. Oak 
hark comes from several species of oak, Qucrcus robur , Qucrcus densiflora , and 
Qucrcus prinus . Hemlock bark is derived from the hemlock tree, Tsuga 
canadensis , 

The table shows, therefore, that the United States is in the unhappy 
position of importing two-thirds of its tannin supply. This is aggravated by 
the fact that the chestnut tree (our largest domestic tannin source) is being 
rapidly exterminated by a fungus called Chestnut Blight , for which no effective 
control has yet been found, and by the fact that our supplies of oak and 
hemlock barks have dwindled. Steps in two directions are being taken to 
nieet this situation. Investigations are under w r ay to find and utilize other 
domestic tanning materials, and important studies are now in progress in 
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several laboratories with the object of synthesizing effective organic sub¬ 
stitute tanning agents. 

Table 233 also gives us a picture of the evolution of domestic vegetable 
tanning methods. Fifty years ago the great bulk of American vegetable 
leather was tanned with chestnut oak and hemlock bark tannin, used sepa¬ 
rately or in admixture. Today the great bulk is tanned with quebracho, 
chestnut, and mangrove tannin. Coincident with this change of tanning 
material has been a continuous shortening of the time required for heavy- 
leather tanning. It was not unusual for the sole leather tanner of fifty years 
ago to tan his hides for 180 days; today this tanning period has been cut to 30 
days in many instances. 

Tanning Methods 

We shall not attempt in this book to give detailed descriptions of tannery 
operations, since lack of space prevents it.* But for our purpose it may be 
briefly stated that the limed, unhaired, delimed, and usually bated hide or 
skin is brought into contact with an aqueous infusion or solution of vegetable- 
tanning materials, usually a mixture* of several. The first tan liquor to reach 
the untanned hide or skin must be both weak in concentration and mellow 
(lacking astringency) in character; otherwise, the skin’s outer surfaces would 
be tanned too rapidly, imparting undesirable qualities to the leather, and 
preventing diffusion of the tan liquor into the skin's interior. As tanning 
proceeds, that is, as the reaction between tannin and skin collagen progresses, 
it is necessary to increase continuously the concentration and astringency 
of the tan liquor until the desired degree of tannin fixation lias occurred. To 
regulate properly this seemingly simple procedure, long experience is required 
on the part of the tanner and a great deal of knowledge on the part of the 
leather chemist. This is because the course' of the tanning reaction is 
influenced by many factors: time and temperature of reaction, the chemical 
and physical condition of the hide or skin and of the tan liquor, the acidity 
and the pH value of the liquor and its concentration, the presence of both 
organic and inorganic substances other than tannin (i.c., substances known as 
“nontarmins") in the liquor, and, finally, the degree of subdivision of the 
liquor constituents. All these factors and their influence must- be understood 
before any intelligent approach can be made* to an understanding of the real 
nature of the reaction. We shall therefore* discuss them before taking up 
the t heory of vegetable tanning. 

Chemistry of Tannins, Nontannins, and Insolubles 

Tannins. Chemical investigation of the constitution of the tannins may 
be said to have started some H>0 years ago with the experiments of the* 

* An excellent description of modern tanning methods is given in J. A. Wilson’s 
“Modern Practice m Leather Manufacture,” Kemhoid Publishing Corporation, New 
York. See also “Tanning Processes” by August C. Orthmann. In press. 
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Swedish apothecary Carl Wilhelm Sokeele, one of the discoverers of oxygen. 
Seheele allowed an aqueous infusion of Turkisli oak galls to be fermented by 
molds. He noticed that a crystalline substance settled below the mold layer, 
and he was &1>le to recrystallize this substance from water. lie called the 
substance “sal essentiale gallurum,” and it became known in the literature as 
gallic acid, having the formula: 

Oil__ 

II<~ _p>00 2 ll 

Oil 

that is, a trihydroxybenzoic acid. Seheele thought the peculiar action of the 
mold probably consisted in the removal of impurities which prevented the 
crystallization of a preformed substance. It was soon pointed out, however, 
that crystalline gallic aeid and the amorphous gallotannic acid were not 
identical. Tin* Flemish botanist van Tieghem discovered that the mold 
Aspergillus Niger was especially active in fermenting gallotannin and showed 
that only a few milligrams of mold mycelium were able, under proper condi- 
tions, to decompose some 50 grams of gallotannic acid. Van Tieghem ascribed 
this action to a mold enzyme, tannase , and noted that an alcoholic fermenta¬ 
tion set in simultaneously. Liebig had already mentioned such fermenta¬ 
tion, which he attributed to the presence of sugar in the gallotannic acid 
molecule. Liebig and lYlouze had found in 1834 that when gallotannic acid 
was acted upon by dilute acids, the same gallic acid which had been obtained 
by fermentation was now split off by the acids. 

The literature of the remainder of the nineteenth century contains many 
investigations of the constitution of tannin, none of which are very conclusive. 
We now know that the foundation of our present knowledge of the chemistry 
of tannin w as laid in the early w ork of Seheele, van Tieghem, Liebig, and their 
contemporaries. But it remained for Emil Fischer and his associates, Max 
Bergmann and lyarl Frcudenberg, to build the superstructure. 

In 1912, Fischer and Frcudenberg 34 hydrolyzed carefully purified gallo¬ 
tannic acid with 5 per cent sulfuric acid and obtained some 90 per cent of its 
weight of gallic acid and 7-8 per cent glucose. (The actual values of gallic 
acid and glucose were low, since control experiments with mixtures of them 
showed that losses of both compounds occurred during hydrolysis.) Since 
this yield of glucose was much too small for an ordinary glucoside of gallic 
or digallic acid, they considered that the combination must be of an ester 
nature, and they reasoned that a compound of one molecule of glucose and 
five molecules of digallic acid (that is, pcnta-m-digalloyl-glucose) would, 
upon hydrolysis, yield 100.0 per cent of its weight of gallic acid and 10.0 per 
cent of glucose. Six years later Fischer and Bergmann 33 succeeded in 
synthesizing such a compound and proved it to be an isomer of Chinese 
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nutgall tannin. The structural formula of the synthesized galJotanrue is 
shown below, under !, while that of glucose, II, is included for comparison. 
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The above tannin formula is probably typical of most of the “hydrolyza¬ 
ble” tannins about to be described. 

It must not be assumed that this successful synthesis is more than a 
beginning in this difficult field; it pointed the way, however, for many investi¬ 
gations which followed, and for the future. 

All tannins do not behave similarly in their action upon skin, nor in their 
response to various reagents. For this reason many attempts have been made 
to classify them. One of the earliest attempts was to divide tannins into two 
classes, the pyrogallo! and the catechol. This was based upon the fact that 
when the natural tannins were heated to 38 0200°, they yielded either or both 
of these products. The pyrogallol-yielding tans usually gave a blue colora¬ 
tion with ferric salts and the catechol tannins a green. This differentiation 
method has not proved satisfactory, if for no other reason than that some 
commercial tannins may contain both groups. More satisfactory and com¬ 
prehensive classifications have been suggested by Perkin and Everest and by 
Freudenberg. 

Perkin and Everest 80 divided tannins into three groups: 
a, Depsides or gallotarmins 

Diphenylmethylolids or cllagitannins 
7 , Phlobotannins or catecholtarmins. 
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These three groups respond to treatment with various reagents as follows; 

Treatment with Ferric Chloride: 

(a) Given blue coloration 
Q3) Gives green coloration 

Treatment mth herding dil. II2SO4: 

(a) Forms gallic acid 

( 0 ) Precipitates ellagic acid 

( 7 ) Precipitates phlobophenes or “mis” 

Treatment with Bromine: 

( 7 ) Yields precipitate 

Treatment with Pine Wood and HCl: 

( 7 ) Gives phioroglucm reaction, while {a) and (0) do not 

Treatment with Dmzohvnzcne Chloride: 

( 7 ) Gives precipitate indicating presence of phioroglucm or resorcin groupings, 
while (a) and (0) do not 

Fusion with Alkali * 

(a) Yields gallic acid and traces of pyrogallol 
( 7 ) Yields protocatechuic acid 

I/eating in (Hycerol * 

(a) Forms pyrogallol 
( 7 ) Forms catecho| 

Treatment with IKTIO and IICl: 

( 7 ) Gives complete precipitation; the others do not 

Treatment with Lead Acetate m (Tl$ ‘C()<\H solution * 

(a) Gives precipitation while (y) does not 

Freudenberg 36 has classified the tannins into two main groups. These 
groups and their subdivisions are: 

(A) Hydrolyzable tannins, in which the benzene nuclei arc united to a 
larger complex by means of the oxygen atoms. 

(Aj) Mutual esters of phenolcarboxylic acids or with other hydroxy-acids 
(Depsides). 

(A 2 ) Esters of phenolcarboxylic, acids with polyatomic alcohols and 
sugars. 

(As) Glucosides. Gallic acid predominates as the phenolic component 
<>f this group. There exists also the extraordinary distribution of combined 
eaffoic acid as well as the presence of a new phenolcarboxylic acid in chebulinic 
acid. There are also the ellagic acid glucosides. Probably the most impor¬ 
tant criterion for inclusion in this group is the ability to be split into simple 
components by means of hydrolyzing enzymes, such as tannase and emulsin. 

(B) Condensed tannins, in which the nuclei are held together by means 
of carbon linkages. These tannins, unlike the hydrolyzable, cannot be split 
into simple components by enzymes. They are sometimes precipitated by 
bromine. They condense to higher molecular weight tannins (“reds”) when 
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acted upon by oxidizing agents or strong acids. Under drastic treatment, 
such as by alkalies, the carbon skeleton is disintegrated, and if phloroglucinol 
is present, it is dissolved out, and the residue of the molecule is converted 
mainly into phenolcarboxylic acids. 

(Bj) This group consists of simple ketones, such as hydroxybenzo- 
phenones and hydroxyphenylstyrl ketones. 

(Bj) The phloroglucinol and benzene nuclei are present in equimolecular 
proportions. This class includes the catechols, with their corresponding 
tannins and “reds.” This is the most important/ class of commercial tannins. 

(B 3 ) Not much is known as to the chemistry of this class, or as to their 
really being jointly condensed systems. However, in common with the B 
group of condensed tannin, they are precipitated by bromine and condensed 
to form “reds.” They contain no phloroglucinol nucleus. It may be that 
the hydroxycinnamic acids are characteristic components. OalTeic acid is 
readily changed into condensation products of the nature of reds. 

Freu den berg’s classification has come into rather wide use. The principal 
commercial tannins are thereby grouped as follows: 

Hydrolyzable tannins comprise chestnut and myrobalans, while quebracho, 
mangrove, wattle, hemlock, and gambler are of the condensed type. Valonia 
and Chestnut oak bark contain both types of tannin.* 

Russell 9,3 has made an extensive survey of our present knowledge of the 
chemistry of the tannins. lie points out that the most important tannins, 
including those which are commercially employed, belong to the phlobotamhn 
group; he suggests, in view of this, that an extensive tannin classification may 
eventually be found to be unnecessary, and that tannins which do not produce 
phlobaphenes may come to be regarded as exceptional substances which 
happen to have tanning properties. Russell, Tcbbens, and Arcy 91 have 
recently reported the preparation of four pentagallates: 0-d-glucose penta- 
gallate, d-mannosc penfagaliate, /3-d-glucose diethylmercaptal pentagallate 
and aldehydo-d-glucose pentagallate. They state that all these compounds 
have tanning properties, forming leather which is strictly comparable in 
color and quality with that produced by natural gallotannin. 

Nontannins. The proportion or percentage which the tannin represents 
of the water soluble matter in a tanning material is termed the “purity” of 
that material. This value varies greatly. Thus quebracho extract when 
analyzed by the “official” method, to be described in another section, may 
show 90.0 per cent of its water-soluble content to be tannin and only 10.0 per 
cent to be nontannin, whereas gambier may show 57.0 and 43.0 per cent 
respectively. The proportionate amount of nontannins, and their chemical 
character, greatly influence the behavior of the accompanying tannin toward 

* For further information regarding classification of the tannins according to the 
method of Perkins And Everest and also of Fruedenberg, see the second edition of thi» 
monograph. 
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the hide substance. As a general rale*--though not strictly so—the higher 
the purity of the material, the greater its astringeney, and hence the greater 
its rate and amount of tannin fixation. 

The nature of non tannins varies with the tanning materials themselves; the 
former may change in nature as a function of fermentation, oxidation, or other 
influences. As a general rule, the nontannins are composed mainly of carbo¬ 
hydrates, mineral salts, and organic acids, such as lactic, acetic, etc., while 
some t anning materials may contain gallic acid, pyrogallol, and similar bodies. 
The influence of the nontannins, as indicated above, is of importance in regu¬ 
lating the tanning behavior of the tan liquor. 

Clarke and Frey 25 have determined the reducing sugars present in various 
commercial tanning materials, which they describe as not necessarily repre¬ 
senting the “true sugar” content of the materials but are: “a measure of the 
Folding's (reducing) power in terms of dextrose.” These results are shown 
in Table 234 as the percentage of dextrose calculated on the tannin content 
of 1 lie several materials. 

Table 234 


Mgcirohillu pods 

0.4 

Quebracho wood 

1.3 

('hestnut wood 


dry extiact 

1.0 

liquid extract 

10.2 

Sumac leaves, domestic 

12.9 

dry extract 

11.3 

liquid extract 

13.5 

Bivwhvi pods 

0.4 

Sumac leaves, Sicilian 

11.3 

Hemlock bark 


liquid extract 

12.9 

dry extract 

20.1 

Valonia 


Mangrove bark 

2 3 

(beard*) 

5.0 

MryolMilan nuts 

0.8 

(cups) 

7.0 

( ’lies tin It oak bark 


Wattle bark 


dry extract 

18.9 

(1) 

2.8 

California tan-oak bark 

1 L2 

(2) 

7.2 

liquid extract 

4.1 

dry extract 

78 


The presence of furfural, pentose, and uronie acids has been proved in the 
case of a number of tanning materials. This subject has been investigated 
and discussed by van Gijn anti van der Waerden, 124 by Reed and Schubert, 88 
and by Phillips. 81 

Organic acids of various types are present in tan liquors and will be dis¬ 
cussed later. But since they are an important nontannin constituent, it may 
he well to note the amounts contained in liquors made from typical com¬ 
mercial tannins as shown in Table 235. The values for catch, oak bark 
extract, hemlock extract, and chestnut wood extract were obtained by 
Cameron and McLaughlin, 18 and those for myrob&lans, ordinary quebracho 
extract, and wattle extract by Wilson, 1,13 who employed the analytical methods 
devised by Cameron and McLaughlin. The results are expressed as ml of 
b LV acid present in 100 ml of liquor of 30° barkometer (S. G, 1.030). 

Cutch, hemlock, quebracho, and wattle are all of the condensed type; 
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Ta^le 235 



Lite lie Acid 

Acetic Acid 

i Jallic Acid 

Outch (mangrove ) 

9.00 

1.00 

0.40 

Hemlock 

2.86 

2.04 

8.30 

Quebracho (ordinary) 

0.52 

2.73 

3.82 

Quebracho (sulfited) 

0.74 


3.20 

Wattle 

0.04 

0.23 

1.32 

Chestnut 

1.00 

8.40 

40.70 

Myrobalans 

5.00 

0.42 * 

31.20 

Oak bark 

4.96 

2.52 

14.30 


chestnut and myrobalans are of the hydrolyzable type with high gallic acid 
value, while oak bark is a mixture of both types. 

The amount and kind of mineral salts present in tan liquors varies with 
the tanning materials employed, and this, in turn, varies with the locality in 
which the materials grow. Mineral salts present are also a function of the 
composition of the w r ater used in dissolving the tanning materials at the 
tannery, and of the calcium salts brought into the early liquors by the hide 
or skin. 

Insolubles. Vegetable tannin solutions always contain matter which is 
insoluble in water. The amount of such insolubles varies with the nature of 
the tannin material itself and with conditions such as temperature, concentra¬ 
tion, pH value, the presence of hydrolyzing enzymes, etc. 

In the case of the hydrolyzable tannins the insolubles are principally com¬ 
posed of chebulinic and/or ellagic acids. Chebulinic acid is readily soluble 
in hot water, but only sparingly so in cold. Thus it may be extracted from a 
material which is leached with hot water, or dissolved when an extract is 
treated with hot water, but it will be precipitated when such solutions have 
cooled. Ellagic acid is highly insoluble in water but is soluble when it is 
combined with some soluble substance, such as glucose; but if such soluble 
compound is acted upon by mold enzymes or by acids, the ellagic acid may 
be split off and then precipitated. 

The insolubles of the condensed tannins are mainly phlobaphenes formed 
by the condensation of tannin molecules. The composition of the phloba¬ 
phenes has been specially investigated by Bergmann and Pojarlieff. 9 These 
authors have also studied the changes induced in the structure of quebracho 
tannin wiien it is given the so-called sulfiting treatment to solubilize the 
large amount of phlobaphenes it naturally contains. 

Botanical Function of Tannin 

Despite the very wide occurrence of tannin in plant life, botanists are still 
unable to explain its origin or function. Some botanists believe that it 
increases the resistance of plants to fungus diseases. 
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Analytical Determination of Tannin 

The first problem confronting leather chemists was to devise a method of 
analysis whereby the amount of tannin present in a raw vegetable material, 
an extract, a tan liquor, or the fixed and unfixed tannin in leather could be 
accurately determined. Many schemes of estimation by precipitation or 
oxidation of the tannin bodies by purely chemical means were unsuccessfully 
tried. They proved unsuccessful not merely because of the diversity in 
composition of the tannins themselves nor because of the impurities always 
associated with them, but because the real tanning value of a material is 
determined by the extent of its reaction with hide substance itself.* Recog¬ 
nizing this fact, chemists spent many years in perfecting methods by which 
hide-substance tannin fixation could be accurately and rapidly determined. 
Two such methods have been evolved and arc in current use. 

The “official” method of The American Leather Chemists Association, 
which is most widely employed in the United States and, with slight modifica¬ 
tions, in many foreign countries as well, is briefly as follows: 

The tannin solution of approximately proper concentration is agitated for 
ten minutes with the proper amount of finely ground and divided hide sub¬ 
stance, in which form the latter is known as “hide powder.” (The hide 
powder is prepared from steer or cow hide which has passed through the 
processes of soaking, liming, unhairing, and careful deliming before it is 
dried prior to grinding.) Such finely divided hide substance presents great 
reactive surface and is easily and quickly permeated by the dilute tannin 
solution. * The hide powder is tanned during the shaking and becomes leather, 
and only the unabsorbed “nontannins” remain in the solution. The weight 
of these is determined and deducted from the weight of the soluble matter 
in the original solution; the difference between the two weights is termed 
“tannin.” 

This method lias been in use for many years and has proved valuable both 
as a means of following tannery operations and as a basis for the purchase of 
tanning materials. Its main defect is the fact that it tells nothing as to how 
firmly or loosely the tannin has been fixed by t he hide powder - in other words, 
it does not distinguish between reversible and irreversible tannin fixation. In 
view of this, Wilson and Kern 127 suggested a method of tannin estimation 
which is presumed to estimate only the irreversibly fixed or combined tannin. 
Their method consists essentially of shaking the mixture of hide powder and 
tan solution for six hours and then washing the tanned powder with distilled 
water until the wash water shows no test for tannin with gelatin/sodium 
chloride solution. The washed powder is then dried, and its increase in 
weight is expressed as the percentage of irreversibly fixed tannin derived 

* This does not mean, however, that adequate “chemical' 1 methods may not he evolved 
in the future; such methods would be very useful. 
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from the tan liquor. Both methods are empirical, and each has advantages 
and disadvantages, which will be further considered when the nature of tannin 
fixation is discussed. Meanwhile, the comparative results of the two methods 
when applied in the analysis of typical commercial tannins is shown in 
Table 236. 


Table 236 


Material 


Official Method 


For cent Tannin--- 

Wilnon and Koj n Method 


Quebracho extract 68.01 47.41 

Hemlock bark 10.06 6.17 

Chestnut wood extract 25 80 11.90 

Oak bark extract 24 20 12.88 

Sumac extract 25.56 9.61 

Gambier extract 24.95 7.79 


Page has amplified the method of Wilson and Kern to include three 
values: (J) firmly fixed or combined tannin, (2) matter termed “combined 
water solubles,” and (3) “free water solubles.” These values and their 
derivation are discussed on page 605. 

Differentiation of Tannins in Mixtures, and Preferential Absorption by 
Hide Substance Therefrom 

Modern vegetable tanning is generally accomplished with a mixture or 
blend of several different tanning materials. The tanning behavior of such 
mixtures is very probably a function, among other factors, of the charactei- 
i sties of the individual component materials and of the manner in which each 
influences the others. For this reason accurate methods for differentiating 
tannins in admixture are greatly needed. Much effort has been spent in 
devising such methods, a detailed account of which may be found in the very 
excellent third edition of “Procter’s Leather Chemists’ Pocket-Book” by 
Atkin and Thompson. 5 But as they point out, many of the tannins are so 
similar in composition that differentiating them in mixtures becomes difficult. 

In 1910, Neuner and Btiasny 69 studied the diffusion of mixtures of tannin 
through parchment. These blends were composed of typical materials of 
the catechol and pyrogallol groups. Catechol tannins are usually more or 
less completely precipitated by boiling with formaldehyde and hydrochloric 
add, whereas the pyrogallol tannins are not thus precipitated. Utilizing 
these precipitation methods, they determined the approximate composition 
of the diffused solution. Their results indicated that sometimes the dialyzatc 
conformed in composition to the original, undialyzed mixture; but this was 
not always true, indicating that one tannin affects the behavior of another. 

Grassmann, Miekeley, Schelz, and Windbichler 42 tanned pelt, with varying 
mixtures of mimosa extract and sulfite cellulose and then analyzed the 
unwashed leathers for sulfur. Since the sulfite cellulose contains sulfur and 
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the mimosa does not, to any appreciable extent, it was possible to compute 
accurately the proportion of the two materials absorbed by the leather in 
relation to the original mixture. The results were as follows: 

% sulfite cellulose m tanning blend 0 20 50 SO 100 
% sulfite cellulose m tannin absorbed 0 11 23 42 100 

The sulfite cellulose was not absorbed in relation to the blend. 

The latest investigation of this subject is that of Blockley, Spiers, and 
Florin, 13 who studied the behavior of mixtures of chestnut- and quebracho, 
chestnut and pine bark, and chestnut, quebracho, and pine bark when used 
to tan hide powder. They employed a modified formaldehyde/hydrochloric 
acid method to differentiate the type of tannin in the residual tan liquors. 
Their results indicate that chestnut tannin is absorbed some 20 per cent faster 
than quebracho from a chestnut/quebracho mixture and 40 per cent faster 
than pine bark tannin from a chestnut/pine bark mixture. In commenting 
upon thefte results, they state that the preferential absorption of chestnut 
shown is not as great as might be expected, but that the potentially different 
absorption rates may be modified by the fact that when tannins are mixed, 
they then function at the non tannin concentration of the mixture and at a 
common pll. 

We cannot, of course, be sure that experiments with hide powder and 
those wherein tannage is performed with very dilute liquors (0 5 per cent 
tannin) for the short period of one hour, are typical of tannery operations in 
which hide itself is employed with much stronger liquors and much longer time. 
For those reasons it may be hoped that further studies under actual tannery 
conditions will be made. Such investigations would be. greatly enhanced by 
informat ion showing particle-size changes as a function of admixture. But 
this knowledge will have to await the evolution of a dependable method for 
particle-size determination. 

Molecular Weights of Tannins and Their Bound Water 

In 1801 Thomas Graham called attention to the fact that the tannin 
molecule must be large, since its diffusion velocity is so much less than that 
of sodium chloride. This observation was followed by a number of deter¬ 
minations by different workers of the molecular weight of gallotannic acid. 
When the molecular weight of gallotannic acid dissolved in an aqueous 
solution was determined, the values ranged from 52L to 3700; when dissolved 
in glacial acetic acid, they were 340 to 1322; and when dissolved in acetone, 
441 to 705. A great need existed for accurate molecular weight values for 
various tannins. This subject has been investigated in a series of painstaking 
studies by Humphreys 63 and by Douglas and Humphreys. 31 

Humphreys determined the freezing point- of 20° barkometer liquors, 
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which were first allowed to settle and were then filtered. A modification of 
the Hortvet cryoseopc was used, and the freezing points were determined by 
freezing 20 ml of the sample and calculating the molecular weights in the 
usual manner. The results are shown in the first column in Table 237. In a 
later study, Douglas and Humphreys pointed out that the properties of the 
actual tannins may be influenced by associated nontannin matters. They 
therefore repeated the determinations of Humphreys, using the same methods, 
but including the molecular weight values for the same liquors, which had 
first been purified by electrodialysis against distilled water through Grade 
300 Cellophane (0.0008 inch thick). Both values are shown in the table, to 
which we have added the “purify” of the liquor, that is, the percentage of 
the soluble solids which is tannin, before and after electrodialysis. 


Table 237 






Purity 

Purity 

.Bound Water 




Mol Wt 

before 

after 

per gram X 




uft or 

dialysis 

dialysis 

1000 of T S 

Material 

Mol. Wt “ 

Mol Wt« 

dialysis 

(%) 

(%) 

"Mol Wf 

Paradol* 

132 





13.00 

Old Myrobalan 







liquor (a) 

181 





7.13 

New Myrobalan 







liquor (b) 

256 

340 

1917 

60 

86 

3.28 

Algarobiila 

237 





4.77 

Mimoba bleach 

258 





3.84 

Quebracho bleach 

268 





2.83 

Gambier 







(a) 

308 

324 

520 

63 

87 

3.12 

(b) 

320 





3 88 

(c) 

330 





3.00 

Valonia 

362 





3.62 

Chestnut 







(a) 

447 

462 

1545 

74 

84 

1.02 

(b) 

557 





1.30 

Mimosa 







(a) 


603 

1570 




(b) 

565 

432 

1704 

70 

95 

1.24 

Quebracho 







(sul filed) 

910 

369 

763 



1.92 

(ordinary) 

1950 

1159 

2421 

83 

95 

0.83 

Tannic acid 

1302 

1445 

3434 



0.45 


* Paradol is a synthetic formaldehyde-phenol tanning material. 


In commenting upon their results, Douglas and Humphreys pointed out 
that their cellophane membranes retained only those molecules whose weight 
exceeded 500. They concluded that the molecular weight of most tanning 
materials is probably at least 2000, and that the molecular weights found were 
usually much greater than would be indicated from the formulas suggested 
by investigators of their chemical constitution. Fischer and Bergmann’s 
formula for pentadigalloyl glucose, for example, was only 1700, whereas they 
found the molecular weight of dialyzed tannic acid to be 3434. They sug- 
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gested, therefore, that actual tannin molecules were built up from a number of 
simpler compounds. 

Humphreys attempted to derive the “bound water” values of various 
tannins. He employed Gortner’s sucrose reference method, the principle of 
which is as follows: 

A known amount of sucrose is added to a solution containing a known 
amount of water, and the freezing point of the solution is determined. If all 
the water present is “free,” the freezing point depression will be of the theo¬ 
retical value; if part of the water is bound ( i.e to the solids of the tan solution, 
in this case), the freezing-point depression will be greater than the theoretical, 
since the actual glucose concentration will be greater. From these values the 
bound water may be calculated. 

The bound water was thus determined for the materials appearing in the 
first column of Table 237; and they are shown in the last column expressed as 
the observed bound water divided by the molecular weights given in the first 
column. These values indicate that the more astringent materials contain 
much less bound water than the less astringent. It is to be hoped that bound 
water values will be obtained for dialyzed and purified materials. 

Humphreys cautioned against too much dependence being placed in the 
bound water values shown, because the added sucrose may have united in 
some manner with the liquor constituents and thus affected their behavior. 
We would add that the accuracy of all the various freezing-point methods 
for bound water determination is somewhat questionable. The freezing 
point of a solution is actually t he temperature at which the solid and liquid 
phases are in equilibrium, and any interference with the attainment of such 
equilibrium may lead to fictitious values. 

Molecular weight studies emphasize the need for a dependable method for 
the determination of particle size. 

Particle Size of the Tannins 

While the colloidal nature of the tannins has long been known and was 
recognized hy Thomas Graham, the founder of colloid chemistry, and by 
many of the early leather chemists, the great importance of degree of disper¬ 
sion was first clearly formulated by G. W. Schultz 96 in 1921. In a discussion 
of methods of tannin analysis, Schultz stated: “This brings us to the con¬ 
clusion that in a solution of tanning material we have tannin in all degrees of 
dispersion, varying from a molecular dispersion to one of suspension dimen¬ 
sions, and it is evident- that- the proportion of the least dispersed to the greatest 
depends upon the concentration.” 

Since 1921 a number of efforts have been made to determine dispersion 
values and how these are affected by different tanning conditions and factors; 
and in our opinion there is no problem in vegetable tanning that is of greater 
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importance. A dependable quantitative method whereby dispersion values 
could be determined would probably not only greatly simplify the control 
of commercial tanning, but would make possible great advances in scientific 
studies and go far in aiding the synthesis of greatly needed tanning agents. 

Dispersion studies have followed two general lines: precipitation with salts 
and by ultrafiltration. 

Stiasny and Salomon 106 precipitated tannin from various tanning solutions 
with increasing additions of sodium chloride. The principle involved was the 
assumption that the larger particles were precipitated by the lower salt con¬ 
centrations and that the smaller the particle, the higher was the salt con¬ 
centration required for salting out. The proper amount of powdered salt 
was added to 100 ml of the tannin solution, which was shaken until the salt, 
was dissolved, allowed to stand one hour, and filtered by suction. To the 
filtrate (which contained the unprecipitated matter) an increased addition 
of salt was added, and these operations were repeated until salt saturation 
was reached. The precipitated fractions were then separately dissolved in 
distilled water at 50°, and their tannin content was determined by means of 
the Lowcnthal oxidation method, which was also employed in determining 
the tannin content of the final salt-saturated solution. The results are shown 
in Table 238, giving the percentage of the 100 per cent tannin originally 
present which was precipitated by each of the various salt concentrations. 


Tabic 238 



Solids 

Solution 

StronRth 


-% Sodiu 

rn Chloride Added- 


T otal 
7'annin 

Unppt. 
Tfinnm in 
Residue 

Material 

(%) 

8 

18 

20 

20 

3-7 

PPt (%) 

<%) 

Tannin (Merck) 

tf 

7.50 

clear 

17.1 


32 4 

17.2 

66.7 

32.2 

3.50 

“ 

4.4 


35.3 

11.4 

51 1 

46.4 

n 

1.25 

u 

4.6 


34.0 

11.0 

49.6 

49.4 

Quebracho 

1 00 

23.6 


25.2 


24.4 

73.2 

26.8 

Oakwood 

1.00 

20.7 


15.6 


8.6 

44.9 

54.5 

Chestnut wood 

1.00 

20.6 


10.5 


9.8 

40.9 

60.0 

Oak bark 

1.00 

20.1 


14.9 

12.8 

7.3 

55.1 

36.1 

Mimosa 

7.50 

8.3 


22.1 

12.3 

1.3 

44.0 

56.0 

u 

0.85 

10.0 


14 3 


19.0 

43.3 

56.7 

Sumac 

1.00 

7.6 


16.7 


14.7 

39 0 

57.1 

Mangrove 

6.80 

17.6 


26,7 


15.9 

60.2 

37.8 

K 

1.70 

11.7 


17.7 


17.7 

47.1 

52.4 

Valonia 

1.00 

4.6 

8.8 



9 9 

23.3 

75.6 


They found that the total amount of tannin salted out increased with the 
aging of the solution. The addition of sugar had no effect upon the total 
precipitable fraction, but the addition of gallic acid decreased it. The 
tannin from a number of materials was secured in a [Hirer form by precipita¬ 
tion with neutral lead acetate, and the lead/tannin compound was then decom¬ 
posed. Such purified tannin showed much higher degrees of dispersion than 
did the original materials. Salt precipitations seemed to follow the Schulze- 
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Hardy valency law: the precipitating power of the cation increased with 
increasing valence, that of the. anion decreased with increasing valence, and 
that of the chlorides, NaCl, KC1, and NH 4 01, was in the order given, NaCl 
being most potent. 

Stather and Schubert 103 have investigated a number of tanning materials 
by the salting-out method, essentially employing the methods of Stiasny and 
Salomon and in general confirming their findings. 

We ourselves have employed the salting-out method for control purposes 
over a considerable period of time. We have found that changes in the 
tanning character of vegetable tan liquors can be roughly detected and 
followed by this method. But we have not had great success with the 
Loweiithal procedure which the authors quoted above employed, because of 
the difficulty in securing satisfactory check results on duplicate determina¬ 
tions. We have therefore dissolved the precipitated tannin in hot water at 
85°, and after cooling, have dialyzed it in a cellophane bag against running 
tap water for 24 hours, thereby removing the salt and other non tannin 
matters present. The dialyzed liquor is then analyzed with hide powder 
according to the official method. 

The second method, and the theoretically sounder one, for dispersion 
estimation is that of ultrafiltration. The first successful attempt in this 
direction was made in 1023 by li. J. Browne, 16 working in the Procter Research 
Laboratory at Leeds. Browne used a modified Bechhold apparatus and 
membranes prepared by soaking filter paper in collodion dissolved in a 50-50 
alcohol-ether solution. The impregnated papers were then placed in water 
and washed until free of alcohol-ether. They were then standardized by 
measuring their permeability to water under variable pressures. (The actual 
size of the membrane pores was not determined.) Employing membranes 
which prevented file passage of tannin, Browne examined a large number of 
tan solutions of analytical strength; the percentages of tannin found, com¬ 
pared with tannin secured by the official hide powder method, are noted in 
Table 239. The ultrafiltrate 1 obtained (which constituted the nontans) was 

Table 239 


Material 

Wattle extract 

Liquid chestnut wood extract 

Myrobalans 

Gambler (cube) 

Hemlock bark 
Sumac 

Ordinary quebracho 
Valonia, beard 
Tari pods 
Tannic acid 
Gallic acid 


-Per cent Tannin- 


Official Method 

By Ultrafiltration 

62.90 

61.80 

25.10 

25,20 

51.30 

51.00 

21.00 

20.40 

23.30 

24.30 

27.10 

26.90 

25.50 

25.80 

46.40 

46.50 

47.70 

47.80 

82.50 

79.10 

50.40 

0.00 
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dried in vacuo to constant weight. An aliquot of the original unfiltered solu¬ 
tion was similarly evaporated. The difference between the two gave the 
tannin plus unsolubles. Deducting the insolubles (as determined by the 
official method) yielded the tannin. The agreement in tannin values by the 
two methods is quite remarkable, and the zero value of the ultrafiltered gallic 
acid solution is interesting. By ultrafiltration, Browne was also able to 
separate quantitatively the tannic acid in a solution containing equal parts 
of tannic and gallic acids. 

Thomas and Kelly 118 have criticized Browne’s method on the basis of the 
facts that duplicate membranes are difficult to prepare, that reactions may 
occur between membrane and solution being filtered, and that the filtration 
value may vary with fluctuations in pi I of the solution. Browne pointed out, 
however, that in view of the results of his studies and the purposes for which 
they were made, these criticisms cannot be of great moment because of the 
remarkable checks between his ultrafiltration results and those by the official 
method. 

Stather and Schubert 103 have also studied 1 he tanning properties of various 
materials after dialysis through parchment membranes for varying time 
periods. They found increased tannin absorption by hide powder as dialysis 
proceeded, that is, as the proportion of large particles in the liquor was 
theoretically increased, and as the purity of the liquor was raised. 

The latest ultrafiltration study is that of Compton, 28 who has studied the 
ultrafiltration of ordinary quebracho solutions of varying concentration, with 
and without the addition of syntan. Ills membranes were prepared from an 
ethyl alcohol-ether-acetone-amyl alcohol solution of Parlodion. He found no 
uniformly direct relation between the pore diameter in millimicrons of 
membrane and the amount of tannin passing through, when duplicate deter¬ 
minations w'ere made with the same solution, using separate membranes. 

There can be no doubt but that the problem of devising a dependable 
method for degree of dispersion is one of considerable difficulty; but in view of 
the importance of the information it would yield, it is to be hoped that leather 
chemists will continue to attack it. 

The Electrical Charge of Tannins 

An important part of current vegetable tanning theory is based on the 
assumption that the tannins are negatively charged, and to an appreciable 
extent. As will be shown below, this theoretical interpretation does not rest 
upon very sure experimental ground even today. 

The first experimental study of the electrical charge of tannins seems to 
have been that of Ricevuto 89 in 1908. Rieevuto’s results are confusing, 
doubtless due to faulty technique. The same remarks apply to Grasscr’s 41 
investigations. The first experimentally sound studies are those of Thomas 
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and Poster 119 published in 1922 and 1923, long after tanning theories based on 
negatively charged tannins had been announced. Thomas and Foster 
measured the potential difference between the colloidal tannin particles and 
their aqueous dispersion medium, employing the U-tube electrophoresis 
technique of Burton. First they studied eight different commercial tannins, 
in such concentrations as to give 1.0 per cent tannin. The results are shown 
in Table 240, in which the order of conductivities is also given. This table 


Table 240 


Material 

Potential Difference 
(volt) 

Decreasing Conduct! v 

(rambier (cube) 

— 0.005 

Sumac 

Oak bark 

- 0.009 

Crumbier 

Chestnut wood 

- 0.009 

< )ak bark 

Hemlock bark 

-0.010 

Larch bark 

Sumac 

- 0.014 

Hemlock bark 

Larch bark 

- 0 018 

Chestnut, wood 

Osage orange 

- 0.018 (?) 

Osage orange 

Ordinary quebracho 

- 0,028 

Quebracho 


unfortunately does not include pure tannic acid. They then studied the 
effect, of concentration and of the addition of arid to ordinary quebracho 
extract, as shown in Tables 241 and 242. 


Table 241 


Table 242 


Concentration 

Potent m 

Ml 0 IV IIC1 

JO inns Vomits per J— ...•> 

Potential 

(Cm* Solids per t ) 

Difference 
(volt) 

added per 1 

pH 

Difference 

(volt) 

32 

-0.024 

0 

4 75 

- 0.024 

16 

- 0.028 

10 

3.98 

- 0.014 

8 

-0.029 

15 

3.58 

-0.010 

4 

-0.030 

20 

3.37 

approx. 0.000 


Thomas and Foster did not include the pH values of the quebracho solu¬ 
tions to which acid was added as shown in Table 242. The pH values shown 
were determined by us with a glass electrode. 

In order to determine the effect of removal of nontannins upon the value 
of electrical charge, they selected five materials which were dialyzed through 
collodion sacs against distilled water, and their potential differences were 
determined, as shown in Table 243. 

Sokolov and Kolyakova 97 have reported potential differences of -0.0106 



Concentration 

Time 

Dialysis Volume 
Iwriease to ml 

Potential 

Difference 

Material 

(Clms per 1 ) 

(H») 

(from 200 ml) 

(volt) 

Ordinary quebracho 

16.0 

60 

415 

-0.033 

Osago orange 

16.0 

24 

370 

- 0 024 

Sumac 

16.0 

24 

460 

- - 0.026 

Oambier (cube) 

32.8 

24 

390 

- 0 029 

Hemlock bark 

„ . , 

24 


-0.024 
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volt for spruce extract and -0.0095 volt for oak bark extract, both of which 
had been purified by electrodialysis. They found that the voltage approached 
zero in all cases when acids were added. Values for unpurified natural 
extracts were: oak bark -0.0079 volt, quebracho -0.0074, spruce -0.0069, 
and willow -0.0045. They did not find the relation between potential 
difference and astringency which Thomas and Foster noted. 

In a very important article on the nature of vegetable tanning, Burgenberg 
de Jong 17 considered the subject of electrical charges of tannins. He reported 
making many cataphoretic experiments with pure tannic acid in a Burton 
apparatus (the same as that employed by Thomas and Foster) and that he 
was unable to find any indication of a capillary electrical charge. lie then 
examined the tannic acid by viscosimetric means, on the basis of von Smolu- 
ehowskiis suggestion that a charged colloid must show a higher viscosity than 
an uncharged one. Since he could find no charge on the tannic acid by either 
electrophoretic or viscosimetric means, he concluded that the charges on com¬ 
mercial tannins found by Thomas and Foster were derived from their 
associated impurities and not from the tannins themselves. 

As indicated above, and as will be discussed later, the contention that 
electrical charges on tannins are of fundamental importance does not rest 
upon any sound foundation as yet. Further studies of this important point 
should be made. 

Isoelectric Points of Tannin 

The “isoelectric point,” formulated by W. B. Hardy in 1900, indicates the 
pH value at which a substance is electrically neutral. Since much of the 
theoretical reasoning regarding the mechanism of vegetable tanning involves 
the neutralization of electrical charges, the isoelectric values of the tannins 
become a matter of importance. Consequently, Thomas and Foster 119 have 
attempted to determine them. This was done by observing the migration of 
various tannins at different pH values in an electrophoresis U-tube. Experi¬ 
mental difficulties necessitated dissolving the tanning materials in a citrate 
buffer solution and then adjusting the solution to the desired pH values. Tin 1 
results were not entirely satisfactory, but they indicated (1) that the iso¬ 
electric points of hemlock, oak, wattle, sumac, and garnbier lie between pH 
2.0 and 2.5; (2) that at pH values below 2.0, these tannins became positively 
charged. 

The catophorotic studies which Sokolov and KoJyakova 97 made with 
purified quebracho, oak bark, and spruce bark tannins led them to conclude 
that these tannins have no definite isoelectric points. They reported acid 
dissociation constants for oak bark tannin of K } ** 0 X 10~ r> , A" 2 * 10~ 8 and 
for spruce bark tannin K i «■ 2.5 X K% » 2 X 10 ~ 10 . K\ is attributed 
to a carboxyl group and K% to a phenolic. 
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Diffusion of Tannins into Hide or Skin 

In 1911, A. W. Hoppenstedt 62 poured 5.0 per cent gelatin solution into 
test tubes; when the gelatin had cooled and become a jelly, he covered the 
gelatin in the tubes with solutions of various tanning materials, containing 
4.0 grams tannin per liter. The rate of diffusion of the various materials 
as a function of time was noted, and the order of increasing diffusion was 
found to be: mangrove bark, ordinary quebracho, hemlock bark, algarobilla, 
valonia, oak bark, myrabolans, chestnut wood, gambier, divi-divi, and sumac. 
This seemed to be roughly the order of decreasing astringency. Thomas 108 
repeated these experiments and generally confirmed Hoppenstedt’s findings; 
but since neither of these investigators had determined or controlled pH 
values, Wilson and Kern 128 repeated their experiments in order to ascertain 
the effect of varying pH values. The 5.0 per cent gelatin solutions were 
brought to pH 2.5 with tartaric acid, and a range of pH values of 2.5 to 11.0 
was secured by addition of the required amount of sodium hydroxide. The 
pH values of solutions of gambier and of ordinary quebracho, containing 10 
grains solid matter per liter, were adjusted in exactly the same maimer. 
Solutions of these materials were then poured into the test tubes containing 
the 5.0 per cent gelatin jelly, 1 he pH value of jelly and accompanying tan 
solution being identical in eacli tube. The diffusion differences noted after 
96 hours were very great. Gambier began to diffuse at pH 3.0 and reached 
a maximum diffusion at pll 6.0, the diffusion decreasing with increasing pH 
values beyond 6.0. The diffusion of quebracho began at pH 4.7 (the iso¬ 
electric point of the gelatin) and increased continuously to pll 11.0. 

The above experiments were all made with gelatin jelly, the structure of 
which is very different from that of hide or skin as used in tanning. Con¬ 
sequently, Mezoy 67 studied the rate at which tan liquor diffused into pieces 
of calf skin which had been unhaired and delimed. Solutions of various 
materials were prepared to contain from 0.5 per cent to 8.0 per cent solids, 
and the time of tanning was from 0.5 to 24 hours. Diffusion of the tannin 
was measured by sectioning the leather with a microtome and staining the 
sections with potassium bichromate, the depth of tannin penetration being 
measured under the microscope by means of a micrometer. The bichromate 
stained the tanned portion brown to a brownish black coloration. The slides 
showed that the rapidity of diffusion could not be correlated with astringency. 
Chestnut and ordinary quebracho penetrated more rapidly than sumac. This 
statement refers to dilute solutions. Mezey believes the general opinion that 
the so-called astringent tans penetrate slowly is correct only when it refers 
h> concentrated solutions, and that the slower diffusion in concentrated solu¬ 
tions is due to over-tanning of the skin's surfaces (“case-hardcning p ) which 
prevents further diffusion: that is, the diffusion power of these tans, as such, 
18 not necessarily low. 
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Stather 9 ® has also studied the diffusipn of various tannins into pelt, 
essentially employing the same methods as Mezey's. He has found that the 
tannin diffusion from dilute solutions (0.75 per cent tannin) may be expressed 
by the formula E » Kf/ T, where E is equal to the diffusion and is propor¬ 
tional to the square root of time of tanning, and where K is the diffusion con¬ 
stant. This constant has approximately the same value for 6 or 24 hours but 
tends to increase with longer time. .Taking the diffusion constant of gambier as 
100, and relating the other materials thereto, the various materials may be 
arranged into four groups, as follows: (1) Pine bark, 28, (2) Mangrove, 46; 

myrabolans, 50; sumac, 52. (3) Ordinary quebracho, G3; chestnut, 66; oak 
wood, 69; algarobilla, 74. (4) Mimosa, 78; sulphited quebracho, 83; valonia, 

89; and gambier, 100. 

There seemed to be no relation between penetration and ratio of tans to 
nontans (astringency) as Hoppenstedt, Thomas, and Wilson had suggested. 
The various materials were also all brought to pH 4.0, and their diffusion 
rates were determined, when they all showed essentially the same as above. 
But the diffusion differences between the various materials were not so appar¬ 
ent when stronger solutions, ix ., 4.5 per cent tannin, were employed; neither 
did the suggested diffusion formula given hold as well. 

The diffusion or penetration of the various tannins noted above does not 
necessarily coincide with blended liquors in tannery practice, where local 
conditions have great influence; and we do not believe diffusion studies can 
be profitably extended until a dependable method for particle-size studies 
has been evolved. 

Conversion of Nontannins into Tannin 

It has been found possible, under certain conditions, to change substances 
which are considered typical nontannins into substances which react with 
hide substance and hence would be termed tannin. The mechanism of this 
phenomenon is not clear, nor is the transformation likely to occur during the 
tanning process. 

Wilson and Kern 126 tanned hide powder with gambier extract and then 
washed it with distilled water. They collected the later portions of the 
wash water and found them to contain no tannin when tested with gelatin/salt. 
But upon concentrating the washings in vacuo, they did give a tannin test, 
and continued to do so even when the concentrated solution was diluted back 
to its original volume. They suggested that oxidation, condensation, or 
polymerization might be involved. They suggested also that gallic acid 
might be converted to digallic and that a polymerized form of digallic acid 
would have, tanning properties* They found that pure gallic acid gives 
no tannin test with gelatin/salt reagent but does so if the solution has 
been boiled. They also found that a non tannin solution may be made to 
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give a tannin test by the passage of oxygen through it, or by long exposure 
to air. 

Meunier 60 has also shown that while gallic acid has no tanning action, it 
does have if oxidized. 

On the other hand, G. W. Schultz 95 has suggested that no chemical change 
is necessarily involved in these conversions (to which he was the first to call 
attention) but, more probably, that a change in dispersion degree occurs. He 
prepared a solution of chestnut extract which contained 1.8 grains tannin in 
8000 ml water. At this great dilution no tannin test with gelatin/salt was 
obtained. When the 8000 ml were concentrated in vacuo to 200 ml and again 
diluted to 8000 ml, a decided tannin test was secured. If, however, the 200-ml 
concentrate was further evaporated to the consistency of a thick syrup and 
diluted back to the 8000 ml, no tannin test was obtained. Schultz explained 
these phenomena by the assumption that the tannin in the first dilution 
became so highly dispersed that it was incapable of procipitating gelatin. By 
heating and concentrating, the tannin became associated and was more 
coarsely dispersed after subsequent dilution. When concentration was 
carried to the syrupy state, the tannin was brought, possibly by peptization, 
to its original high degree of dispersion and so could not precipitate gelatin 
when diluted. 

This subject is one illustration, of which we shall find many, of the great 
need in leather chemistry for a dependable method of determining the particle 
size of tannin bodies. 

Effect of Temperature on Tannin Fixation 

Tanners and leather chemists have long known the great importance of 
the temperature factor in vegetable tanning. As tan liquor temperatures 
fall below 21°, the rate of tanning rapidly decreases, and flat leather usually 
results; when temperature rises above 27°, the rate of tanning usually 
increases, but undesirable leather qualities may ensue. Despite the impor¬ 
tance of the subject, it received no quantitative investigation before the studies 
of Thomas and Kelly in 1929. 

Thomas and Kelly 120 tanned 2.0 grams hide powder with a 200 ml solution 
containing 8.0 grams total solids for varying time periods and at different 
temperatures. The tanned powders were then washed free of soluble matter 
and were dried and analyzed. Their experiments included wattle, oak bark, 
gambier, and quebracho extracts. Since the tannin-fixation curves of all 
four materials are of quite similar shape, we have reproduced those of que¬ 
bracho only in Figure 164. 

The great effect which temperature has on tannin fixation is illustrated by 
these curves, Thomas and Kelly pointed out that, in addition to ordinary 
temperature effects in chemical reactions, the influence of temperature upon 
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the degree of dispersion of the tannin particles must be considered. Their 
experiments were made with hide powder. Merrill 63 has repeated them 
using bated calf skin and a regular tannery blend of tanning materials. The 



period of tanning was eight days at the temperatures noted. The per¬ 
centages of combined tannin based on hide substance of the leathers were at: 
10°, 28; 20°, 42; 30°, 51; and 40°, 62. 

Page and Holland 75 have tanned steer hide with wattle-bark extract for 
six weeks at two temperatures, 15° and 35°, and at three pH values, 3.0, 5.0, 
and 8.0. Their results are shown in Table 244, where the percentage values 
shown are based on the hide substance of the leathers. It will be noted that 


Combined tannin (%) 
Combined water-solubles (%) 


Table 244 


--pH 3 o- 

15° 35° 

'— pU 
15° 

5 0- 

35° 

pH SO- 

15° 35° 

36.8 

47.7 

32 i 

45.8 

33.6 

43.1 

43.0 

35.0 

38.5 

31.4 

40.0 

27.1 

77.8 

82.7 

70.9 

77.2 

73.6 

70.2 


the combined tannin increases with rising temperature at each of the three 
pH values studies, whereas the combined water-solubles decrease. The value 
of all temperature effect studies would be enhanced by knowledge of dispersion 
changes of tannin solutions induced by temperature variation. 

Effect of pH value on Tannin Fixation 

In 1920, Atkin and Thompson 6 called attention to the wide variations in 
the pH values of solutions of different tanning materials, all of which were of 
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analytical concentration, or approximately 4 grams tannin per liter. The 
pH values ranged between 3.5 for chestnut wood extract to 4.3 for mimosa. 
The effect of varying the pH value of analytical solutions of various materials 
upon the amount of tannin shown by the official method of analysis was then 
studied by both Atkin 4 and Rogers. 92 Considerable variation in tannin con¬ 
tent as a function of the pH value of the solutions was found. In the case of 
quebracho it was noted that, whereas the tannin content decreased and the 
insoluble matter increased with lowering of pH, the sum of tannin and insolu¬ 
bles remained a constant over a range of 2.5 and 6.5. But this constant 
value was not obtained for some of the other materials examined. Wilson and 
Kern 126 adjusted quebracho to varying pH values and then determined the 



Figure 165 


tannin by their method which, as has been noted, gave the more or less 
irreversibly combined tannin only. No variations of tannin values were 
found over the pH range 3.6 to 7.3; but it must be remembered that in this 
method the solutions are filtered before analysis and the insolubles are thus 
removed. 

Thomas and Kelly 113 have published many experiments dealing with 
variation of tannin fixation by hide powder as a function of pH value. All 
their specimens were washed after tanning, and the fixed tannin values found 
were the irreversible fraction. The varying pH values employed were 
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obtained by adding the required amounts of hydrochloric acid or sodium 
hydroxide, as indicated by electrometric determination. Thomas 109 has 
summarized the results in a general curve, reproduced here as Figure 165. 
The significance of this curve will be discussed in the section dealing with the 
theory of vegetable tanning. 

As noted above, the effect of pH variations shown in Figure 165 were 
obtained by the addition of hydrochloric acid to those tannin solutions 
whose pH was lowered. Since hydrochloric acid would not be present in 
normal tanning solutions, Thomas and Kelly 109 investigated the effect upon 
tannin fixation when a vide variety of acids was used to adjust tan liquor pH 
values. Very considerable differences in tannin fixation were found to result 
in the presence of various acids at the same tan liquor pH value. Thomas 
and Kelly suggested that the variation in tannin effect could be correlated 
with the dissociation constant of the added acid; in other words, the order of 
tannin fixation was found to be inversely proportional to the dissociation 
constant of the added acid, acetic acid showing the greatest effect and hydro¬ 
chloric the least. 

Page and Holland 78 have studied the effect upon tannin fixation by hide 
powder from wattle bark liquors qf varying pH values. Their results are of 
particular interest, since they have considered the effect of pH on the various 
types of tannin fixation, as shown in Table 263 in the section dealing with 
reversibility of tannin fixation. 

The experiments described above were performed with hide powder. Of 
possibly greater interest are those which follow, since they deal with hide 
itself. 

Pawlowitseh 79 studied the behavior of pelt toward quebracho infusions of 
varying pH values, which were adjusted by addition of hydrochloric acid or 
sodium hydroxide. He noted that diffusion wa.s greatest at pH 7.0-8.0, 
where tannin fixation was least. On the basis of these observations, he sug¬ 
gested a tanning process which consisted of placing hides in strong tan liquors 
of pH 6.0-8.0, and when they were struck through, of completing the tannage 
at pH 3.0-4.0, whereby maximum fixation could be obtained. Phillips 82 has 
recently been granted a patent for a tanning process based on this principle. 

The effect of pH value on tannin diffusion and fixation in the case of steer 
hide was studied by Wilson. 134 Butt portions of the bated hide were sus¬ 
pended in tan liquors of increasing strength (0.5 to 6.0 per cent) for 42 days, 
a fresh liquor being given every two days. The pH values of the liquors were 
adjusted and continuously controlled by additions of lactic acid or sodium 
hydroxide. Two different tanning blends of equal parts of tannin of each 
material in the blend were employed. Blend (a) consisted of chestnut, 
quebracho, and cutch, blend (b) of chestnut, quebracho, and wattle. The 
results are shown in Table 245. 
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Table 245 

--‘Parts Tannin lMxod per 100 --s r~ Days Required for Complete—* 


pH Value 

parta 11. S 


Hide Penetration 

(a) 

(b) 

(a) 

(b) 

3.0 

56.8 

45.0 

42 

42 

3 5 

50.6 

36.3 

24 

21 

4.0 

43.0 

37.8 

24 

17 

4.5 

42.2 

37.2 

19 

18 

5.0 

37.3 

31.9 

19 

17 


Aabye and Rasmussen 1 have also studied the tanning behavior of mimosa- 
extract tan liquors of variable pH values, adjusted with different acids, with 
steer hide. Tannage lasted for 19 days in a series of liquors ranging from 5 to 
50° barkometer and at pH values of 3.6 to 5.4. At the completion of tannage 
all specimens were drummed for 48 hours at 35° in a mimosa liquor of 145° 
barkometer which had been adjusted to pH 3.2 with the same acid which had 
been used for the prefarmage. This retannage may have masked the actual 
tannin fixations at pH values higher than 3.2 in the pretannage. These 
authors reported, however, considerable differences in combined tannin with 
the tannages described as a function of the different acids used. Some of 
their results confirmed the contention of Thomas and Kelly that the order 
of tannin fixation was inversely proportional to the dissociation constant of 
the added acid; but the remainder of their experiments did not. 

Effect of Concentration of Tannin Given 

Our knowledge of this subject, which is of great importance to both theory 
and practice, is not very satisfactory. Thomas and Kelly 111 have studied the 
influence of t he concent ration of various tanning materials on the fixation of 
tannin by hide powder. Two grams of hide powder were treated with 100 ml 
of tannin solutions of increasing concentrations at various pH values and for 
different time periods. At completion of tannage, the tanned powders were 
washed free of soluble matters, and the combined tannin was determined. 
When these values were plotted against the concentrations given, a curve 
was obtained which showed a rapid initial rise in fixation; this usually occurred 
at a concentration of 15 to 20 grams tanning material solids per liter, after 
which the fixation curve abruptly descended and finally flattened out. When 
further and tremendous concentrations of material were employed, the 
flattened portion of the curve showed a slight rise in tannin fixation. Since 
the amount of the tanning materials given on hide substance basis ranged 
from 50 to enormous values of more than 1000 per cent, it is difficult to inter¬ 
pret the curves. Thomas 109 has suggested, however, that the sharp drop 
noted in the curve resulted from the hide powder being so heavily surface 
tanned by the strong solutions used that the tannin could not penetrate to 
the interior of the powder. He also suggested that increasing concentration 
had decreased the dispersion of the tannin, or that the value of the negative 
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electrical charge of the tannin particles was decreased as the tannin concen¬ 
tration of the solutions increased. He suggested that the second rise found 
in the fixation curve might result from the ability of the very highly concen¬ 
trated solutions to overcome the case-hardening or other fixation-inhibitory 
qualities of the lower tannin concentrations. 

Gallay 37 has studied the effect of increasing concentrations of pure tannic 
acid on tannin fixation. He employed as experimental material not only 
hide powder, but casein and gelatin. He did not, like Thomas, wash the 
tanned specimens and then determine combined tannin; by means of the 
Lowenthal oxidation method he determined the unabsorbed tannin left in 
the tanning solution. Deducting this value from that of the tannin given 
indicated the “tannin absorbed;” When the tannin absorbed by either 
gelatin or casein was plotted as ordinate and the tannin unabsorbed as abscissa, 
a parabolic curve was obtained; and when the logarithms of these values were 
plotted, a straight line resulted. But when Gallay employed hide powder 
and tanned it with tannic acid concentrations of 25 to 50 per cent (on hide- 
substance basis) an entirely different type of fixation curve was obtained. 
That is, Gall ay’s hide powder results yielded a curve somewhat similar to 
those of Thomas and Kelly, when plotted in the same manner. Gallay’s 
explanation of the type of curve he obtained differed from Thomas’s inter¬ 
pretation of the same phenomena. Gallay felt that the shape of the curve 
was governed by the ability of the hide powder to swell as tanning proceeded. 
Gallay's hide-powder curve did not, however, show T the second rise in fixation 
which Thomas and Kelly secured; this may be because the former did not 
employ more than 500 per cent tannic acid on hide substance, whereas the 
latter used up to 1625 per cent. 

The most recent investigations of this subject are those of Chang and 
Doherty® and of Lollar, 69 who studied the fixation by Hide powder of both 
tannic acid and a specially purified Chinese nut gall tannin. Like Gallay, 
they analyzed residual tannin solutions by the Lowenthal method and thus 
determined the “tannin absorbed” by the hide powder. They employed 
solutions ranging from 18 to 450 per cent tannin on hide substance basis. 
When the “tannin absorbed” values in their experiments were plotted against, 
the unabsorbed, parabolic curves resulted. When the data were plotted 
according to Langmuir's method, straight lines were invariably obtained; 
they believed this indicated that vegetable tanning is of adsorptive nature. 
Their studies have been extended by Lollar, employing ordinary quebracho, 
and with essentially similar results and interpretations. 

It is very difficult to attempt to evaluate or to compare the experimental 
results of these various workers, since totally different experimental methods 
are involved. Thomas and Kelly reported combined tannin only, whereas 
Gallay* Chang aqd Doherty and Lollar included three values in their “tannin 
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absorbedfirmly combined tannin, that loosely combined, and that not 
combined at all but merely mechanically held. It is to be hoped, therefore, 
that this important subject will be reinvestigated, employing hide* or skin 
itself rather than the unsatisfactory and inconclusive hide powder. Such 
studies should include both the purer tannins, such as tannic acid, and com¬ 
mercial tannins. Data as to changes in dispersion degree as a function of 
concentration of the solutions employed would no doubt be particularly 
illuminating. We would suggest that both combined tannin and combined 
water-solubles be determined, since “tannin absorbed” values are not par¬ 
ticularly enlightening. 

Rate of Tannin Fixation 

The rate at which tannin is fixed by hide substance varies with the nature 
of the tanning material employed and the conditions under which it is used, 
as we have seen - with temperature, concentration, pH value, and other 
factors. 

In 1919, Oscar Riethof 90 determined the rate of combination of steer 
hides with the tannin present in the blended liquors from a tannery employing 
a tanning process of 142 days. If we express as 100 the amount of tannin 
fixed at the end of the 142 days and relate thereto the tannin fixed for various 
periods during the process, the following figures are found: after 12 days, 
32; 22 days. 38; 31 days, 55; 40 days, 64; 71 days, 78; 103 days, 80; and 142 
days, 100. Those figures are typical of what would be termed today a very 
long tanning process. 

Page and Holland 75 tanned butt pieces of salted cow hide which were 
soaked, limed, unhaired, and bated, in wattle-bark extract at a pH value of 
1.0. The liquors were gradually strengthened during the first three weeks 
and the specimens were then placed in liquors containing 100 grams solids 
per liter. Samples were removed at various time periods and were dried and 
analyzed. The results are shown in Table 246. 


Length of tannage 
Combined tannin on II.8. (%) 
Combined water-solubles on li.S, (%) 


Table 24 b 


3 wks. 

6 \vk JH 

0 moH. 

1 vr. 

18 0 

35.5 

40 4 

43.6 

22.3 

37.3 

42.6 

39.5 

40.3 

72.8 

83.0 

83.1 


2 yrs. 
49.0 
39 2 

88.2 


It will be noted that the combined water-solubles tended to reach a constant 
value at the end of six months tannage but that the combined tannin con¬ 
tinued to increase. 

The same authors have also reported analyses of leather tanned with 
wattle-bark extract for tremendously long tanning periods. A flesh split 
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from a shoulder tanned for twenty years showed 87.6 per cent combined 
tannin and 54,8 per cent combined water-solubles, all on hide-substance 
basis, and a, cow hide butt tanned for fifteen years showed 119.5 per cent and 
37.8 per cent, respectively. 

Stather and Lauffmanri 100 determined the rate of tannin fixation from 
different materials, employing the cerium of uncured cow hide—that is, hide 
substance from which the grain and flesh had been mechanically removed, 
and which was not subjected to the curing or liming processes. The corium 
was dried in a cool air current and was then cut into strips 15x2x1 mm. 
Twenty-five grams of dry corium were soaked at 15° and then tanned for a 
total of 64 days at the natural pH value of the tanning material employed. 
The strength of the tannin solution was gradually increased from 0.4 to 7.0 
per cent. Specimens were removed at the intervals shown in Table 247, 
were washed free of soluble matter, and were then dried and analyzed. In 
expressing the results in the table, we have taken the* value of combined 
tannin at the end of 64 days as 100 and have related thereto all the other 
values found for the various periods, for each of the materials studied. The 
right-hand column of the table shows the actual amount of combined tannin 
based on hide substance, at the end of 61 days’ tanning. 


Table 247 


Material 

H 

2 

4 

-Dayw Tanned— — 
8 16 

32 

m ' 

Combined 
Tannin after 
64 days (%) 

Ordinary quebracho 

12 

36 

57 

71 

93 

100 

100 

53 3 

Sulfited quebracho 

17 

37 

58 

73 

84 

99 

100 

52.2 

Va Ionia 

16 

32 

53 

70 

85 

98 

1(H) 

45.6 

Chestnut wood 

27 

56 

74 

90 

90 

100 

3(H) 

46.2 

Oak wood 

22 

36 

49 

62 

76 

88 

100 

41.8 

Pine bark 

M 

33 

52 

68 

77 

88 

100 

30.5 

Mimosa 

14 

33 

51 

75 

89 

98 

100 

51 9 

Myrobfdam 

23 

41 

57 

72 

83 

99 

1(H) 

51,3 

Sumac 

27 

44 

62 

77 

88 

99 

100 

51.3 

Gambier 

8 

28 

50 

67 

83 

96 

100 

42 1 


Merrill 63 tanned bated calf skin with oak-bark extract at a pH value of 
4.4 and found at the end of 30 weeks that combination was still occurring at 
a considerable rate. 

With the exception of the data of Riethof, all the above data wore obtained 
with single materials. Further knowledge of the tanning rates of typical 
tannery blends should be of value. 

Weight and Thickness Changes of Hides and Skins in Vegetable Tan Liquors 

When hides or skins are placed in contact with solutions of vegetable 
tannins, they may change in thickness, in weight, or in both respects. Such 
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changes are a function of many controlling factors, the regulation of which 
constitutes an important part of the tanning process. The first problem 
which arose in the control of weight or thickness change** was a dependable 
method for their measurement. 

In 1920, McLaughlin and Porter 60 made an extended study of the manner 
in which limed hide, which had not been delimed or bated, changed in weight 
when placed in weak tan liquors of varying constitution. To these liquors 
were added such typical nontannin substances as gallic acid and pyrogallol, 
such organic acids as lactic and acetic, and such typical salts as calcium 
lactate and calcium acetate. The limed hide pieces were weighed before 
and after immersion for varying time periods in the several liquors, and the 
weight changes were noted. These workers did not measure the pH values 
of the liquors of their experiments, and the lack of such information limits the 
interpretation of their results. The experiments did, however, show that the 
character of the nontannins of a tan liquor had a very important bearing upon 
the weight behavior of the hide with which they were in contact. 

Wilson and Gallun 130 successfully solved the problem of measuring thick¬ 
ness changes of hide or skin by the employment of a Randall and Stickney 
gauge, with which they quantitatively determined the resistance to com¬ 
pression of skin specimens. They employed pieces of calf skin butt which 
were limed, unhaired, and delimed. The specimens were placed in liquors 
made with oak-bark extract, to which had been added increasing amounts 
of lactic acid ; the effect of adding increasing amounts of sodium chloride to a 
liquor containing a constant amount of lactic acid was also studied. Measure¬ 
ments of compression resistance of the skin before' and after the treatments 
described showed the plumping effect of added lactic acid and the depression 
of acid-plumping as a function of added sodium chloride. Page and Gilman 73 
have employed this method in measuring the plumping effect, of various acids 
added to wattle-bark liquors. They used cow hide which had been limed, 
unhaired, and washed, but not bated. W hen the plumping values they 
obtained were plotted against the pH values of the residual liquors, the curves 
showed identical plumping values of added hydrochloric and lactic acids, and 
about one-half of such values when the dibasic sulfuric acid was employed. 
R. E. Porter 84 has also successfully employed the W ilson and Galium method, 
using kip grain and cow hide and oak-bark liquors to which varying propor¬ 
tions of lactic acid and of sodium chloride were added. Porter has also 
studied the thickness changes of cow r hide when immersed in aqueous solutions 
of 0.1 M lactic acid and when the acid solution was made O.lif witli various 
neutral salts. He found that the changes in plumpness induced by the 
salt/acid solutions could be fairly well correlated with the well known 
Hofmcistev series of salt effects; but no such relation was found in the case of 
weight changes of the treated hide. 
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Effect of Drying and of Aging Leather on Tannin Fixation 

Tanners of vegetable leather have long known that the amount of tannin 
combined with hide substance is increased both by drying the leather and by 
storing the leather after drying. This increase in combined tannin may reach 
very considerable values, as illustrated by the experiments of Wilson and 
Kern 132 given in Table 248. They tanned hide powder with the various 
tanning materials shown, washed the specimens free of all soluble matter, 
and then determined the amount of combined tannin contained. Duplicate 
portions were dried after tanning without washing; one set was kept at room 
temperature for thirty days and another portion one year, and at the end of 
each storage period they were washed free of soluble matter, and the combined 
tannin was determined. Jn Table 248 we have expressed the per cent com¬ 
bined tannin of the undried specimens as 100 throughout and have related 
thereto the dried and stored specimen values. 


Table 248 


Material 

Undried Leather 
Washed 
Immediately 

Dried Leather 
Washed after 

30 days’ stoi age 

Dried Leather 
Washed after 

1 year storage 

Quebracho 

Gambler 

100 

114 

115 

100 

135 

167 

Gambier-quebracho mixture 

100 

118 

125 

Chestnut wood 

100 

129 

131 

Hemlock bark 

100 

100 

109 

Chestnut wood-hemlock bark mixture 

100 

109 

113 

Oak bark 

100 

112 

131 

Larch bark 

100 

117 

100 

Sumac 

100 

ito 

110 

Wattle bark 

100 

107 

110 


We note that the combined tannin values are affected by the drying and 
aging of the tanned hide powder and that these increases vary considerably 
with the type of tanning material employed. Since these experiments were 
made with hide powder entirely, similar studies with hide pieces would bo 
instructive, and they should include other tanning materials, such as mangrove 
(cutch), valonia, myrobalans, etc. The behavior in this respect of the various 
blends which are typical of modern practice would also be helpful. 

Acidity of Tan Liquors and their pH Value 

Tanners have long known that the acidity of tan liquors has a very impor¬ 
tant bearing upon the amount of tannin fixed by hide substance, the rate of 
such fixation, and the color, weight yield, and character of the leather pro¬ 
duced. Before the advent of the leather chemist, the control of tan liquor 
acidity was an important part of the tanner’s art, and his ability to regulate 
acidity conditions was often amazing. But with the introduction of a greater 
variety of tanning materials in tanning blends and with the reduction of 
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tanning time and hence less natural fermentation, the problem became much 
more complicated. The leather chemist has fortunately been able to supply 
adequate methods of acidity estimation and control. 

The older analytical procedure consisted essentially of detarmizing a tan 
liquor by means of gelatin and then titrating the decolorized nontannin 
fraction with alkali in the presence of a suitable indicator. The aeid was then 
calculated and reported as “per cent acid as acetic.” This procedure 
obviously does not differentiate between t.he various tit ratable organic acids 
present, nor does it tell anything regarding their dissociation. Two tan 
liquors with identical tit-ration values may behave in an entirely different 
manner toward hide substance, as McLaughlin and Porter 60 have shown. 

A tan liquor may contain a variety of organic acids, the principal ones 
probably being lactic and acetic, together with smaller amounts of formic, 
butyric, and possibly others. It will also contain gallic acid, the amount of 
which will vary with the nature of the tanning material constituting the liquor 
and with the degree to which the hydrolyzable tannins have been decomposed 
by mold ferments such as tannase. Cameron and McLaughlin 18 have devised 
methods for differentiating and accurately estimating acetic, lactic, and gallic 
acids present in a tan liquor. The acid values shown in Table 235 were 
determined by these methods. ILighborger and Youcl 46 have suggested a 
modified method of lactic acid determination which is more rapid than that 
of Cameron and McLaughlin and probably equally satisfactory. Tanning 
experience indicates that the presence of any excess of gallic acid in a tan 
liquor tends to give flat leather, the weight yield of which is often low. 

In 1911 J, T. Wood 1,50 introduced the electrometric estimation of the 
concentration or activity of hydrogen ions present in tan liquors, although 
nearly a decade was to pass before leather chemists took advantage of this 
invaluable tool. 

Wood and his associates, Sand and Law 137 employed the hydrogen 
electrode in examining and titrating vegetable tan liquors. Cameron and 
McLaughlin 18 extended this work, using both the hydrogen and glass electrodes 
in the titration of typical tannery liquors. Alkali was added to the tan liquor 
and the pH value was determined after each addition. When the results 
were plotted, with alkali additions as abscissa and the pH value found as 
ordinate, curves very similar to those of Wood, Sand, and Law were obtained: 
the curves showed no vertical section which would correspond to a complete 
neutralization of acids present; in other words, vegetable tan liquors were 
found to be buffer systems. Since this buffering capacity varied greatly, 
Pleass 83 suggested that the reserve or unionized fraction of acid in a tan 
liquor be termed its “buffer index,” which she defined as the number of ml 
of normal hydrochloric acid or sodium hydroxide required to be added to 
100 ml of a 20° barkometer liquor to alter its pH value by one unit. 
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Summing up: The electrometric determination of the pH value of a 
vegetable tan liquor gives us one of the most informative of figures in studying 
or controlling the tanning process, since it designates the active acidity of 
the system. With the advent of the glass electrode, this value may be easily 
and quickly obtained. But it must be kept in mind that the determination, 
as such, tells us nothing as to the nature of the acidic bodies which yielded 
the hydrogen ions the concentration or activity of which is determined. With 
these thoughts in mind, let us proceed to specific applications and effects of 
the pH value. 

Effect of pH Value on Liquor and Leather Color 

The color of both tan liquors and the leathers made therefrom is influenced 
by the pH value of the tan liquor. This does not mean, however, that the 
color of the finished leather will necessarily be that of the liquor in which it 
was tanned. Because of this, and since the purchaser of tanning materials 
is greatly concerned with the color to be imparted to his leather, many efforts 
have been made to determine their color quality. One method of color 
evaluation is to tan sheep skin skivers with a dilute solution of the tanning 
material and to note the color of the tanned skiver after washing and drying. 
This method has not proved very satisfactory, because it does not duplicate 
tannery conditions. Another method involves the comparison of the color 
of a tannin solution with standard colored glasses. 

Procter 87 and Blackaddor 11 have independently suggested methods based 
upon the red, yellow, green, and blue regions of the spectrum. Blackaddor 
measured the amount of light passed by the tan solution under examination 
and under standard conditions. Separate measurements wore made in the 
following spectrum divisions: Bed wave length 000 to 700, yellow 550 to 
000, green 510 to 550, and blue 400 to 510. Employing Blackadder’s method, 
Oberfell 71 has reported extensive color measurements of chestnut, quebracho, 
oak, and hemlock extracts. 

Effect of pH Value on Insolubles 

Thomas and Foster 110 added increasing amounts of sulfuric acid to solu¬ 
tions of various tanning materials containing 40 grams solids per liter. After 
adding the acid, the solutions w r ere allowed to stand 30 minutes and were 
then centrifuged for five minutes at 1000 times gravity, and the volume of the 
precipitate was measured. No pH values were determined. The precipi¬ 
tate volume did not vary greatly for the different tanning materials. 
Numerous curves were given showing the effect, of the addition of various 
other acids and of different salts upon precipitation. But all these results 
were reported as the “volume of precipitate.” The volume of the precipitate 
did not necessarily bear any direct relation to the weight of the precipitate, nor 
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to the actual percentage which the precipitated matter was of the total solids 
of the tan liquor. 

Wilson and Kern 120 adjusted the pH values of ordinary quebracho solu¬ 
tions containing 4.0 grains tannin per liter with hydrochloric and sulfuric 
acids, and with sodium and calcium hydroxides, respectively. Determined 
electrometrieally, the pH range was from 2.0 to 11.0. The adjusted solutions 
were then analyzed according to the official method, and the insoluble matter 
was determined. The results are shown in Figure 106. The pH value of the 
original quebracho solution was 4.(5. It will be noted that as the pH value 
was lowered by either acid, the insolubles increased, sulfuric acid being 
slightly more effective in this respect. Addition of sodium hydroxide 


Figure 100. Effect of pH value 
on per cent of insoluble 
matter in solution of quebra¬ 
cho extract. 



decreased the insolubles percentage at all pH values, whereas addition of 
calcium hydroxide caused a tremendous increase after pH 7.0 was passed. 
As Wilson and Kern pointed out, the data pertaining to the effect of calcium 
hydroxide should be of grout importance in considering the character of water 
used in leaching or* in dissolving tanning materials. 

Gerngross and Herfeld 39 have extensively studied the behavior of various 
materials (gambier, eutch, quebracho, wattle, chestnut wood, oak wood, 
mangrove, myrobalans, valonia, sumac, pine, maletto, oak bark, algarobilla, 
and divi-divi) toward the addition of various acids to 0.4 per cent tannin 
solutions. Mineral acids were slowly added to these materials and the pH 
value at which precipitation occurred was noted. It was found that the 
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condensed tannins, with the exception of wattle (mimosa), had characteristic 
precipitation points between pH 7.0 and 1.0; this did not apply to the hydro¬ 
lyzable tannins. There was no appreciable difference in the effect of sulfuric 
and hydrochloric acids. Organic acids produced an effect different from that 
of inorganic, in that at higher concentrations the organic acids had a peptizing 
action on precipitated substances. When solutions of the condensed type of 
tannin were aged, there was a continual increase in the acid-precipitablc 
fraction; but this was not true in the case of the hydrolyzable tannins. These 
authors have also determined the quantitative effect of lowering the pH value 
of various materials by the addition of hydrochloric acid. The percentage of 
insolubles in liquid ordinary quebracho at its natural pH value of 4.95 was 
2.4 and 8.5 when the pH value was reduced to J.6; solid ordinary quebracho 
7.9 at pH 4.6 and 15.2 at pH 1.9; oak wood J.O at pH 3.7 and 8.0 at pH 1.0; 
and chestnut wood extract 0.8 at pH 4.05 and 5.6 at pH 1.6. These authors 
suggested that acid precipitation of the tannins involved both their electrical 
discharge and a reduction in their degree of hydration. 

The reaction of various tannins to changes in pH value induced by the 
addition of different types of acids or alkalies is important. It is also impor¬ 
tant to know the effect of added salts. But such information appears to be 
of appreciable value only when detailed analyses of the materials before and 
after treatment arc given. The value of any future experimental studies in 
this connection would be enhanced by the employment of stronger liquors, 
possibly of 30° barkometer concentration, rather than the very weak concen¬ 
tration of analytical strength. Quantitative studies of changes in dispersion 
of the treated liquors would also be of value. 

Fermentation of Tan Liquors 

As has become evident in preceding sections, the amount of organic acids 
in a tan liquor, and the liquor’s pll value, are of importance. The amount 
and kind of acids present, and their dissociation, vary with the kind of tanning 
materials used and with the nature of the tanning process employed. When 
tanning was performed entirely with materials rich in fermentable sugars, 
and when the tanning process was very long, the requisite acids were derived 
from the tanning materials themselves by means of natural fermentation, 
which thus produced “sour” liquors. Regulating this fermentation was an 
important part of the tanner’s art, and he often achieved amazing success 
without the aid of chemistry and before “pH” values were known. The 
modern trend toward much shorter tanning processes and the employment 
of less fermentable tanning materials has lessened the importance of the 
fermentation of tan liquors. The pH values of tan liquors in modern tanneries 
are closely regulated, since the advent of the glass electrode has made this 
easily possible. And where pH adjustment is needed, it is often accomplished 
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by the addition of the requisite amount of organic acid, usually lactic, to the 
tan liquor. In some cases the desired pll value of “tail” or weak and nearly 
exhausted liquors (those into which the hide is first introduced) is obtained 
by addition of the cheaper sulfuric acid. The subject of tan-liquor fermenta¬ 
tion is still one of importance and interest, however. 

It was first adequately studied by Andreasch, 2 who published a series of 
articles about it in 1895-90. The next detailed investigation was that of 
Blank, 12 in 1935. He studied the fermentation of oak-bark extract and its 
formation of lactic acid and showed that the microorganisms it contained 
could be divided into two major groups: those which produced lactic acid 
through fermentation of its sugars, and those which destroyed lactic acid. 
Increasing tannin concentration retarded the activity of both groups, while 
absence of atmospheric oxygen usually retarded the activity of the acid- 
destroying group, but did not affect the acid-producing group. 

The studies of Blank have been greatly extended by Doelger 29 and also by 
Doherty . m Doelger found that the lactic acid-producing organism most 
frequently present in tannery rocker liquor was streptococcus lactic us, with 
relatively few lactobadUi, and that the most frequent acetic acid-producing 
organism present in tan liquors was acctobacter accti . All these organisms 
grew best in a temperature range of 25° to 30°. He found no acid production 
at 17°. The grow th of all these organisms was governed by the reaction of 
the tan liquor, and he found that the production of lactic acid was inhibited 
in rocker liquors when the pH value was less than 4.0. 

Doherty isolated lactobacilli from tannery rocker liquors. He then 
inoculated sterile solutions of different tanning materials with this organism 
and studied the production of lactic acid, finding that the various materials 
vary greatly in their fermentability by these organisms. All his studies w r ere 
conducted at 28°, and he stated that if this temperature was reduced to 18°, 
the fermentation w r as greatly retarded. No destruction of tannin as a result 
of bacterial fermentation was found. 

Seltzer and Marshall 96 allowed 35° barkometer liquors made from various 
tanning materials to stand 12 weeks, with and without exposure to atmos¬ 
pheric oxygen. The liquors were analyzed periodically for tannin and for 
titratable acids. Very considerable decreases in tannin content were noted 
in the case of some materials and very little in others. For example, at the 
end of eight weeks’ exposure the myrobalans liquor had lost 54 per cent of its 
original tannin but show r ed a slight decrease in titratable acid, whereas 
mangrove had lost only 1.5 per cent of tannin, but its titratable acid value 
had increased six-fold. These authors ascribed the tannin losses to fermenta¬ 
tion but did not offer any evidence of the nature of such fermentation, or 
whether their liquors contained hydrolyzing molds. 
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Effect of Adding Nontannins to Tannins 

Since the nontannins present in a tan liquor are known to affect greatly 
the tanning behavior of the liquor, Thomas and Kelly 113 have investigated 
the effect of adding the typical nontannin materials, gallic acid and pyrogallol, 
to solutions of wattle-bark extract and of gallotannic acid. They studied 
the fixation of tannin by liide powder from such treated liquors. Their 
results are somew r hat confusing, since the degree of tannin fixation was 
decreased in some cases by the added nontannins and increased in others. 

Stather and Herfeld" have investigated the effect of increasing the con¬ 
centration of the normal nontannins present in tan liquors made from different 
materials upon their capacity of tannin fixation. The nontannins were 
obtained by detannizing a 5.0 per cent solution of the material with gelatin/salt 
solution and then with hide powder. The nontannins were then concentrated 
in vacAio at 45-50° and were added to stock solutions of the parent material. 
These additions were such that three experimental liquors were obtained 
containing (1) the normal proportion of nontannins, (2) twice the normal, and 
(3) four times the normal; all three solutions contained the same amount of 
tannin. These liquors were then used to tan pieces of delimcd calf skin 
butt. Tannage was performed in rotating glass drums for 35 days, the liquor 
being gradually strengthened during the first 15 days. At the completion of 
tannage the leather was superficially washed with w r ater and then dried and 
analyzed. The results are given in Table 249. The table shows the amount 
of fixed tannin present in the various leathers after long washing, and we have 
expressed the tannin fixed from the normal liquor as 100 per cent in the case 
of each material, relating thereto the fixations with added nontannins. 



Pme bark 

Valoiiitt 

Or dm ary 
quobrimho 

Oak wood 

Sunum 

Fixed tannin, normal liquor (%) 

100 

100 

100 

100 

300 

Fixed tannin, double nontanmns (%) 

95 

96 

97 

94 

91 

Fixed taiunns, quadruple nontanmns (%) 

88 

94 

95 

91 

89 


The results showm in the table indicate a definite effect by nontannins on 
tannin fixation, but the reason for this is not clear. Knowledge of the 
changes brought about in the degree of dispersion of the tannin bodies as a 
function of added nontannins W'Ould no doubt be of value. 

Oxygen Effects in Vegetable Tanning 

It is often stated that atmospheric oxygen has important effects upon 
vegetable tan liquors and on the color of the leather tanned therein, as well 
ns in the drying of leather after tanning. 

We have already noted on page 569 the fact that if oxygen is passed 
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through a solution of nontannins, or if the solution is merely exposed to air 
for long periods, some sort of change is brought about in the solution whereby 
it gives a tannin reaction; and we have noted the same result when a solution 
of gallic acid is oxidized. Merry® 6 has, however, been unable to find any 
oxygen take-up in these transformations. 

Wilson and Kern 129 made up 1.0 per cent tannin solutions of both que¬ 
bracho and gambier. These solutions were brought to a pH value of 2.5 by 
the addition of phosphoric acid; sodium hydroxide was then added to give 
a series of each material ranging from pH 3.0 to 12.0. The gambier solutions 
varied in color from a light straw color at pH 3.0 to a deep red at 12.0; the 
quebracho solutions showed a similar color trend, except that the solutions 
of the lower pH values had a touch of violet. These color variations dis¬ 
appeared in both series, however, when all the solutions were brought to a pH 
value of 3.0, providing they had not been exposed to air. But when they had 
been exposed to air and were then brought to pH 3.0, they showed great 
differences in color; those solutions which had been exposed to air at the 
highest pH values showed dark color. 

By means of Barcroft/s blood gas manometer, Jany 66 determined the 
actual amounts of oxygen absorbed by different materials and at different 
pH values, when 2 ml of solution were shaken with oxygen for one hour at 
37.5°. The results are expressed in Table 250 as the percentage of oxygen 
absorbed per 100 grams tannin or other material examined. 


Table 250 


M atonal 

20 

4 5 

—piI Value— 
5 3 

9 2 

12 <T 

Blended tannery liquor 

0.00 

0.00 

0.04 

2.14 

6.830 

Pure tannin 


0.00 


0.51 

5.630 

Pyrogallol 


0.00 


3 91 

6.860 

Phenol 


0.00 


0.00 

0.013 

(Uueose 


0.00 


0.00 

0.098 


Merry 66 has also extensively studied the oxidation of tannins by means 
of the Barcroft manometer. He determined the amount of oxygen absorbed 
by various commercial tannins as a function of time and at a temperature of 
18-20°, employing 1.0 grams of solid extract dissolved in 3.0 ml of distilled 
water. At the end of 75 hours' treatment the materials had absorbed from 
0.28 to 0.03 per cent oxygen per gram of solid extract. The order of decreasing 
oxygen absorption was: ordinary quebracho, sulfited quebracho, wattle, 
mangrove, American chestnut wood, and myrobalans. The rate of absorp¬ 
tion increased with increasing temperature, with increasing pH values, with 
the presence of mold growth, and with the presence of copper or iron com¬ 
pounds. The absorption was decreased by the lowering of pH values by 
addition of acid to the liquors. 
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Referring to Table 263 (p. 607) it will be noted that Page and Holland 
found the degree of tannage of hide powder by wattle-bark extract at pH 8.5 
to be very much greater in the presence of air than in its absence; but it will 
be recalled that this phenomenon was not found when hide was employed 
instead of hide powder. Page and Holland suggested that this was due to 
the inability of the larger oxidized tannin molecules to penetrate the compact 
structure. 

In attempting to sum up this subject, it would appear that under manu¬ 
facturing conditions of vegetable tanning, and at the pH values of tannery 
liquors, the effect of atmospheric oxygen cannot be very great. On the other 
hand, there can be no doubt that atmospheric oxygen may have marked 
effects upon the color of leather duiing drying. 

Tanning with Tannin Dissolved in Organic Solvents 

While vegetable tanning is invariably performed with aqueous solutions 
it is important from a theoretical standpoint to know to what extent the 
reaction may occur when tannin is dissolved in other solvents. Chambard 
and Mezey 10 have studied the fixation by anhydrous hide powder of tannin 
dissolved in absolute ethyl alcohol. They found negligible amounts fixed. 
This finding was confirmed by Gallay. 37 

Stather, Lauffmann, and Ban Miau 101 tanned hide powder with various 
materials dissolved in different solvents and then washed the undried leathers 
with the corresponding pure solvent. The washed leathers were then dried 
and weighed and the combined tannin determined. We have expressed 
their results in Table 251 as the percentage of combined tannin as related to 
the fixation in aqueous solution, which is taken is each case as 100 per cent. 


Tabic 251 


Tanning, ninterml 

Water 

Methyl 

alcohol 

Ethyl 

alcohol 

1 Water 
h Ethyl 

alcohol 

Acetone 

Ordinary quebracho 

100.0 

6.2 

1.0 

25.7 

1.0 

Sul filed quebracho 

100 0 

6.5 

1.6 

44.4 


Mimosa 

100.0 

5.9 

1.2 

32.9 


Chestnut wood 

100.0 

6.7 

2.0 

44 4 

o.o 

Sumac 

100.0 

12.5 

2.3 

29 2 


Valonia 

100.0 

10.6 




Myrobalans 

100.0 

14.2 

3.7 

36.0 



Page 77 shook purified hide powder with an excess of purified wattle-bark 
tannin dissolved in various solvents for 48 hours, washed the tanned powder 
with the pure solvent, dried the leather, and analyzed it for combined tannin. 
He found no fixation to occur in the case of either ethyl acetate or acetone, 
but 99 parts tannin per 100 hide substance were fixed from tannin dissolved 
in acetic acid and 15 from that dissolved in formic acid. 

Chang and Doherty 20 have studied the tannin take-up by hide powder 
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from 75 per cent ethyl alcohol solutions. This was done by analyzing the 
residual tan liquors for tannin by the Lbwenthal oxidation method and 
calculating therefrom the amount of tannin absorbed by the hide powder. 
This method does not of course permit the differentiation of combined and 
uncombined tannin, as in the case of the washing method. However, it 
indicated a tannin take-up of only about 10 per cent on hide substance, regard¬ 
less of the concentration of tannin given. 

Chainbard and Mezey, as well as Stather, Lauffmann, and Bau Miau, 
believed the negligible fixations from ethyl alcohol and other solvents was due 
to lack of ionization of both hide substance and dissolved tannin. On the 
other hand, Page pointed out that fixation occurred from solutions of water, 
acetic acid, and formic acid, and that swelling of the hide substance occurred 
in each of these solutions, whereas it did not occur in acetone or ethyl acetate. 
He suggested that vegetable tannage may possibly be governed by the ability 
of the hide substance to swell, since otherwise the tannin molecules may be 
unable to penetrate between the protein chains. 

Roddy 91 has extensively studied the tanning action of vegetable tannins 
dissolved in various organic solvents. He finds that no actual tannage occurs 
when anhydrous collagen is treated with tannin dissolved in anhydrous 
acetone. Tannin fixation does occur, however, if water is present in the 
system; fixation is roughly proportional to the amount of water present. 
Roddy placed bated steer hide in an acetone solution of 40 parts ordinary 
quebracho extract per 100 parts acetone, and found that such solution com¬ 
pletely penetrated the hide in 48 hours. The hide was then removed and was 
placed in cool water for 24 hours, during which period tannage took place. 
The leather was then dried and analyzed and showed 54 per cent tannin fixed. 
It will be noted that the acetone process just described differs from the 
ordinary tanning procedure; that is, the hide is first impregnated with tannin, 
and tannin is then fixed by the action of water. Roddy lists a number of 
organic solvents which may bo used in his process but recommends those 
solvents, such as acetone or alcohol, which may be easily and completely 
removed by evaporation from the leather. 

Our understanding of the phenomena of the marked differences in tannin 
fixation from various solvents would be greatly enhanced by data of the 
dissociation constants of different tannins dissolved in various solvents. No 
such values are to be found in the literature, but the example of the dissociation 
constants determined by Goldschmidt and Aas 40 for salicylic acid dissolved in 
various solvents may be considered as possibly indicative of differences to be 
found with the tannins. These workers reported the following dissociation 
constants for salicylic acid: water, 1.02 X 10~ 3 ; methyl alcohol, 1.3 X 10~ 8 ; 
ethyl alcohol, 2.2 X 10~ 9 . We would add that particle-size studies of tannins 
dissolved in different solvents would be helpful. 
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Effect of Pretannage with Chromium Compounds upon Tannin Fixation 

This subject is important from a theoretical standpoint and because of its 
bearing on the production of the so-called “chrome retail” leathers. 

In 1908, Wood 135 measured the tannin-combining capacity of cliromcd 
gelatin and found it to fix as much tannin as did unchromed gelatin; from 
this he concluded that chrome and tannin combine with different protein 
groups. But the experimental procedures known at that time were not such 
that these findings could be regarded as conclusive. 

In 1927, Gustavson 45 made an extensive investigation of the subject. He 
tanned hide powder with solutions of the chromium compounds noted below, 
from which were fixed the amounts of O 2 O 3 shown in Table 252. The chrome- 
tanned hide powder was washed free of uncornbined chrome with distilled 
water, and the excess moisture was removed by suction filler until the moisture 
content of the chromed powder was about 70 per cent. These specimens, 
together with unchromed powder of similar moisture content, were then 
tanned for 48 hours at room temperature with hemlock bark extract or with 
tannic acid. The specimens were then washed free of soluble matter and 
were dried and analyzed. The results arc shown in Table 252. 

Table 252 

Hemlock bark extinct, pil i 0, 40 grim solids per l 



Pretanned with 

37% Hum' 

Control Chromium SuUate 

Pretan nod with 

30% Panic 
Chromium Chloride 

Pro! mined vnth 
Sodium Oxalato 
Chrounate 

% Fixed tannin 
on H. S. basis 

58.4 71.8 

74.9 

52.3 

% Fixed Cr*0* 
on H. S. basis 

10.6 

5.0 

6.0 


Tannic tu*id, pH 3 1 , HO gins hoIkIw per 1. 


% Fixed tannin 
on H. S. basis 

94 3 109.8 

120.6 

89.6 

% Fixed 
on H. 8. basis 

8.0 

46 

3.6 


Commenting on these results, Gustavson stated that the fixation of 
tannin by hide powder tanned with either the cationic chrome compounds 
(chromium sulfate or chloride) or the anionic (sodium oxalato chromiatc) is 
independent of the pH values of the tannin solutions employed. He con¬ 
sidered the increased tannin fixation of the cationic chrome-tanned hide 
powder to be due to the chrome having combined with skin carboxyl groups 
which, in turn, activated basic protein groups and made them available for 
combination with tannin. He assumed that the lowered tannin fixation by 
the anionic chrome-tanned hide powder was due to the fact that both nega¬ 
tively charged chromium and negatively charged tannin were competing for 
the basic protein groups. 
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Thomas and Kelly 116 have reversed the conditioris of Gustavson’s experi¬ 
ments. That is, they first tanned hide powder with wattle-bark extract, 
washed out all soluble matter, and then tanned the powder with basic chrome 
sulfate; they found very much less fixed chrome $ian in the case of the con¬ 
trol, which was not vegetable pretanned. 

Otin and Alexa 72 have repeated and confirmed Gustavson’s experiments, 
employing 33 per cent basic chrome alum for pretanning and quebracho for 
subsequent tanning, finding increased tannin fixation. Like Gustavson, they 
attributed this result to an activation of protein basic groups. 

Page and Holland 76 seem to be the only workers who have employed hide, 
rather than hide powder, in studying this subject. They tanned hide pieces 
with 33 per cent basic chrome sulfate so as to attain a wide range of fixed 
chrome; these specimens were washed until “almost free from sulfates” and 
were then tanned for six weeks in wattle-bark extract; after this they were 
drained (not washed), air-dried, and analyzed. The results are given in 
Table 253. 


Tabic 253 


iM*d OrjOj 
on ft S 

Combined fauTiin 
on U S (%) 

Combined water- 
Bolubleti on H K (%) 

(H) -f (b) 
(%) 

(%) 

(a) 

(b) 

0.0 

33.1 

44.9 

78.0 

3 9 

49.1 

42.2 

93.3 

4.5 

47.7 

35.1 

82.8 

6.3 

60.1 

32.4 

92.5 

6.7 

61.4 

28.7 

90.1 

7.3 

69.6 

25.5 

95.1 


It will be noted that the combined tannin increased with increasing 
chrome content, while combined water-solubles decreased. Commenting 
upon their results, Page and Holland made the pertinent suggestion that 
while chrome pretanning may not necessarily increase the essential ability 
of hide substance to fix tannin, it may increase the usually slow rate of tannin 
fixation. 

As will be recognized from the foregoing, this subject is in a confused state. 
If fixed chrome combines with the carboxyl or acidic groups of hide sub¬ 
stance and thus activates the amino or basic groups, making them available 
for increased tannin fixation, it follows a priori that pretannage with tannin 
should activate carboxyl groups and thus increase cationic chrome fixation. 
Thomas and Kelly showed that just the opposite happens. The subject is, 
however, of real importance and should be pursued further. Future experi¬ 
ments should be made witli hide pieces and not with hide powder; and where 
chrome pretanned specimens are employed, they should be washed com¬ 
pletely free of acid radical, both protein- and chrome-bound, since the presence 
of such radicals needlessly confuses experimental results and their interpreta- 
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tion. We have found that complete acid radical removal from chrome 
leather requires at least two weeks washing in running water. 

Stiasny 106 has pointed out that the possible effect of pretannages upon the 
active surface of hide substance must be considered in attempting to under¬ 
stand combination tannages. 

Effect of Pretannage with Formaldehyde on Vegetable Tannin Fixation 

Gerngross and Roser 38 tanned hide powder with formaldehyde and then 
retanned it with tannic acid. They found that less tannin was fixed by the 
pretanned hide powder than by the control, and that the decrease of tannin 
fixation was a function of the amount of formaldehyde fixed before vegetable 
tanning. In a later study they extended their experiments to include oak- 
wood extract and stated that whereas 19.77 per cent tannin was fixed by 
regular hide powder, that which was “lightly tanned with formaldehyde” 
showed 18.65 per cent and that “strongly tanned with formaldehyde” 15.02 
per cent. 

Chang and Doherty 20 have also studied the effect of formaldehyde pre¬ 
tannage of hide powder upon its ability to fix tannin. They tanned 1.0 gram 
hide powder in 100 ml of a solution containing 25 ml of molar NaOII, 10 ml 
of molar phosphoric acid, and 2.5 ml of formaldehyde (40 per cent) for 24 
hours at room temperature with occasional shaking. The excess formalde¬ 
hyde was then drained off, and the hide powder was washed several times with 
0 .2iV Na 2 S0 3; according to the method of Salcedo and Highbcrger. The 
excess of NasS0 3 was then washed out with distilled water. Excess water 
was squeezed out, and the formaldehyde-tanned powder was then placed 
in 0.1 ilf phosphate buffer at the desired pH value for 24 hours. No statement 
of the amount of fixed formaldehyde is given. The formaldehyde-tanned 
powder so prepared was then placed in buffered solutions of different pH 
values, containing increasing concentrations of tannic acid and of purified 
Chinese nut-gall tannin; after this it was tanned for 24 hours at 21° with 
constant agitation. At the end of the tanning period the unabsorbed tannin 
was determined by the Low r enthal method, and the difference between this 
value and that of tannin given was expressed as “tannin taken up.” The 
curves of such values indicated: when tannic acid was employed at pH 3.60 
and up to 40 per cent tannic acid “taken up,” there w T as essentially no differ¬ 
ence between straight hide powder and the formaldehyde tanned; but in the 
higher tannin concentrations given, very much less tannin was taken up by 
the formaldehyde-tanned powder; where the take-up of tannic acid at pi I 
5.60 by the straight powder was compared with that of the formaldehyde- 
tanned at pH 5.80, the values of take-up of the two were essentially the same; 
and where the purified tannin was employed, there was practically no differ¬ 
ence in take-up of the two powders at pH 5.00. 
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All the above values were obtained by the Lowenthal method; the 
“take-up” values secured therefrom do not permit differentiation between 
tannin firmly fixed, that loosely fixed, and that not fixed at all. It is therefore 
difficult to decide just what influence formaldehyde pretannage has had. 
These studies should be repeated, using skin itself, and the excess formalde¬ 
hyde present after pretannage should be removed by hydraulic pressing. 
Values for actual tannin fixation should be secured, employing a single tannin 
concentration but varying, and accurately determining, the amount of 
formaldehyde fixed in the pretannage. In the event of actual decrease of 
fixed tannin as a result of formaldehyde pretannage, an effort should be made 
to determine whether such decrease is a function of removal of protein basic 
groups through their reaction with formaldehyde, whether the formaldehyde 
has changed the reactive surface of the hide substance, or whether it prevents 
swelling of the skin during vegetable tanning and the inward diffusion on the 
tannin aggregates. 

The effect of formaldehyde pretannage upon the thermolability of vege¬ 
table-tanned leather is discussed later in this chapter. 

Effect of Pretannage with Quinone upon Tannin Fixation 

Since it had been suggested that both quinone and tannin combine with 
the same basic protein groups, Thomas and Kelly 116 logically assumed that 
quinone-t aimed hide powder should show a lowered tannin fixation capacity. 
To demonstrate this they employed quinone-tanned hide powder containing 
78.3 per cent fixed quinone on hide substance basis and tanned 2.0 grams of 
it with 100 ml of a solution containing 4.0 grams of tannic acid at various 
pH values for 24 hours. The thus doubly tanned powders were then washed 
free of all soluble matter with distilled water, and the fixed tannin was 
determined. The percentages of fixed tannin on hide substance basis are 
as shown in Table 254. 

Table 25-1 


pll of 

Tannin Fixed 
on 11 S Basts 

pll of 

Tannin Fixed 
on H S Basis 

Solution 

(%> 

Solution 

(%) 

1 

3.4 

7 

5.9 

2 

2.6 

8 

8 9 

3 

3.5 

9 

- 8.7 

4 

3.5 

10 

- 27 8 

5 

4.8 

11 

-31.9 

0 

4.4 

12 

- 40.7 


It will be noted that only inconsequential amounts of tannin were fixed up 
to a pH value of 8.0. The weight losses at higher alkalinities were found 
by Thomas and Kelly to be due to the reversal of the fixed quinone at these 
alkalinities. They considered their data to be proof that quinone and tannin 
are actually fixed by the same protein groups. 
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Influence of Added Syntans on Tannin Fixation 

The chemistry of that group of substances included under the term 
“syntans” has been dealt with in Chapter 21. There are many different 
syntans, and their effect upon tannin fixation may vary greatly with their 
composition. When they are added to a vegetable tan liquor, they usually, 
but not always, decrease the amount of insoluble matter present, they tend 
to increase the degree of dispersion of the vegetable tannin material, and they 
may increase or decrease the amount of tannin fixed by hide substance. These 
subjects have been dealt with by Wilson, 132 by Thomas and Kelly, 113 by Kohn, 
Breedis, and Crede, 57 by Stiasny and Orth, 104 by Stathor and Lochner, 102 and 
by Berkman and Babun. 10 

Of possibly greater importance than the effect of syntan additions to the 
tan liquor itself is its effect upon the hide or skin which is placed in such an 
admixture. Bergmann, Mums, and Seligsberger 8 have shown that syntans 
cause a drastic alteration in the diffusion coefficient of limed and subsequently 
delimed hide. They did this by forcing through the hide various solutions 
of syntans under pressure, and they compared their speed of penetration with 
that of water, which was taken in each case as 100. Thus the penetration 
speed of the syntan Neradol ND when diluted 100 times w r as 140, when 
diluted 50 times, 330, and when diluted 20 times, 740. The value for a 4.0 
per cent solution of pure or-naphthalene sulfonic acid (0.5AQ was 950, and for 
pure /3-naphthalene sulfonic acid (0.5A) was 2030. It was experimentally 
proved that this increased penetrability was not due to a solvent action of the 
syntans upon the hide substance. When the hide through which the syntan 
solutions had passed was washed with water until the great bulk of the 
syntan present in the hide had been removed, its permeability fell far below 
100, the value for the original pure water control. The pH values of the 
various syntan solutions described above were all less than 2.0. Acid solu¬ 
tions, such as hydrochloric, of such pH value would have tremendously 
swollen the hide and thus decreased its permeability. Experiment showed, 
however, that all the syntan solutions swelled the hide less than did pure 
water. 

The permeability experiments described above should be extended and 
should include permeability values for various tannin solutions, alone and in 
admixture, together with the effect of added syntans. 

Compton 27 recently studied the effect of the addition of a naphthalene 
sulfonic acid syntan to quebracho solutions upon the retained water of steer 
hide tanned in such admixtures. By “retained water” is meant water which 
cannot be removed from the leather under pressure in a hydraulic press, but 
which can later be removed by vacuum-drying. He found that the presence 
of this syntan in the quebracho solution caused the retained water of the 
leather to be held much more firmly than in its absence. 
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Effect of the Liming of Hide Substance on Tannin Fixation 

Since the character and the degree of liming treatment may have a marked 
effect on the subsequent tanning behavior of a hide or skin, Gustavson and 
Widen 44 endeavored to determine the effect of liming time on tannin fixation. 
They soaked pieces cut from the butt of salted steer hide in water for 12 hours 
and then limed them for varying time periods in a mixture of calcium hydrate 
and sodium sulfide. After unhairing, washing, and deliming, the hide was 
brought to a pH value of 5.0. The unlimed control was obtained by removing 
the hair and epidermis from the soaked hide by means of a razor; thus the 
control was really corium, and not whole hide. The limed specimens, 
together with the soaked but unlimed corium control, were then cut into 
pieces 4.0 mm long. Six grams of the various specimens were then tanned 
for 48 hours, with constant agitation, in 100 ml of hemlock bark extract 
having a pH value of 4.18 and containing 6.7 grams of total solids per liter. 
After this tanning period 100 ml of the same tanning solution, but containing 
20.1 grams of total solids per liter, were added, and the tanning was con¬ 
tinued for live days. The specimens were then wavshed and analyzed for 
combined tannin. The unlimed corium control contained 26.5 parts per 
100.0 parts hide substance, the hide limed for 12 hours, 27.7 parts; that limed 
7 days, 33.6 parts; and that limed 14 days, 35.7 parts. Even though the 
corium control specimen was not strictly comparable in liming and sub¬ 
sequent tanning behavior with the hide pieces, the results on the full hide 
specimens demonstrated that the degree of liming was of importance in sub¬ 
sequent tanning. Practical tanning experience demonstrates the important 
bearing which liming has on tanning. Gustavson and Widen commented on 
the possible explanation of their results as being related to both the chemical 
change brought about by liming—manifested by activation of both acidic 
and basic protein groups -and also to the effect of liming in increasing the 
active surface of the hide. 

Page and Holland 76 soaked butt pieces of salted cow hide, then mechani¬ 
cally removed flesh and epidermis, and used the resulting corium throughout 
for the following experiments: 

The specimens were limed in pure calcium hydroxide solutions containing 
excess lime for the time periods shown; after this they were delimed and then 


Table 255 


Duration of 

UnmuK 

Combined 
Tannin (%) 

(a) 

Combined 
Wator-soluldoh (%) 

o» 

{n) + (b) 

Not limed 

34. f) 

31.4 

66.0 

Limed 14 days 

33.1 

44.9 

78.0 

Limed 1 month 

30.0 

44.9 

74.9 

Limed 2 months 

29.4 

48.0 

77.4 

Limed 3 months 

36.3 

51.2 

87.5 
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tanned for six weeks in increasing concentrations of wattle bark tannin at a 
pH value of 5.0. The resulting leather was air-dried and analyzed. The 
results are shown in Table 255, wherein fixations on hide substance basis 
arc given. 

From the experiments of Page and Holland on corium we note that the 
amount of irreversibly fixed tannin is not greatly affected by liming, or the 
length of liming time, but that liming effects on the combined water-solubles 
may be very great. 

Wilson and Daub 1 ' 12 placed the soaked butt of a calfskin in saturated lime 
solution and histologically followed its structural changes, as a function of 
time, up to seven months’ contact. Very drastic structural changes were 
found after four weeks; and it is a matter of tanning experience that the 
longer liming is continued after the objects of the liming treatment have been 
attained, the poorer the quality of the leather will be, and the lower its yield. 

Effect of Pretreatment of Hide Substance with Neutral Salts on Tannin 
Fixation 

Hides and skins are subjected to the influence of neutral salts in curing 
and soaking and to some extent in liming. Gustavson 4 * therefore investiga¬ 
ted the tannin-fixation power of hide powder which was subjected to treat¬ 
ment with a wide variety of neutral salts prior to vegetable tanning. He 
% soaked 100 gram specimens of hide powder in a liter of molar concentration 
of a great variety of neutral salts for 14 days, at pH values between 5.7 and 
C.O. Toluene was added to prevent bacterial growth. Nitrogen was deter¬ 
mined in the residual salt solution, and it was found that the salts varied 
greatly in their ability to dissolve the collagen; sodium sulfate, for example, 
dissolved only 1.8 per cent of the original collagen, whereas calcium chloride 
dissolved 31.9 per cent and the distilled water control dissolved 4.9 per cent. 
The salt-treated powders were then washed salt-free, dehydrated with alcohol, 
and air-dried. They w'ere then tanned for 48 hours at pH 4.1 with hemlock- 
bark extract, after which all soluble matter was washed out and the fixed or 
combined tannin determined. This value also varied greatly: the sodium 
sulfate specimen fixing 40.1 parts tannin per 100.0 of hide substance, the 
calcium chloride specimen, 78.9, and the water control, 56.8. 

Since these experiments of Gustavson’s were made with hide powder, 
Merrill 63 repeated them, employing strips of bated calf skin, because this 
material more nearly represents actual tannery conditions. He soaked the 
bated skin for 20 days in normal solutions of sodium chloride, sodium sulfate, 
and calcium chloride, toluene being added to all three solutions. The strips 
were then washed free of salt and w r ere tanned for six days in an oak-bark 
extract solution containing 20 grams of solids per liter. They were then rinsed, 
dried, and analyzed for fixed tannin and showed: water control, 39.6 parts 
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fixed tannin per 300 parts of hide substance, sodium chloride treatment, 39.1 
sodium sulfate, 39.9, and calcium chloride, 48.0. 

Page and Holland 76 investigated the effect of calcium chloride upon the 
corium of salted cow hide in relation to both combined tannin and combined 
water-solubles when subsequently tanned with wattle bark at a pH value of 
5.0. Their results are shown in Table 256. The values shown are the per* 
eentages based upon hide substance. 


'Fable 256 


Combined 
Tunmn (%) 


Treatment (a) 

No Pretreatment 34.6 

Pretreated 14 days in M Ca(Cl)s 29.0 

Pretreated 2 months in M Ca(Cl)* 29.6 


Combined 
Water-fiol nbles (%) 
(b) 

31.4 

44.2 

44.0 


(a) + (b) 
66.0 
73.2 
73.6 


We note the very considerable effect of calcium chloride on the tanning 
behavior of hide substance. It is as yet impossible to state whether this is 
the result of a chemical change in the hide substance or of a change in its 
reactive surface. 

Effect of Pretreatment of Hide Substance with Acid or Alkali on Tannin 
Fixation 

Gustavson 46 treated hide powder with acid and with alkali so as to subject 
it to the action of a pH range of 1.0 to 14.0; after 21 hours of such treatment, 
he brought all specimens to pH 5.0. They were then thoroughly washed, 
dehj'drated with alcohol, and dried. The treated, dried powders were then 
tanned for 48 hours with hemlock extract at a pH value of 4.0. The specimens 
were thoroughly washed after tanning, and the fixed tannin w r as determined. 
Great differences in tannin fixation were found; when these values were plotted 
against the pH values of the pretreatment-, a curve was obtained which was 
almost identical with that secured when the swelling of collagen is [Jotted 
against the pH values of the swelling solutions. 

Thomas and Kelly 113 repeated Gustavson\s experiments, except that they 
employed oak bark extract at pH 4.1 as the tanning agent. When the pre¬ 
treated powders were introduced into the tanning solution in a dry state, they 
confirmed Gustavson :9 a results, in general. But when the pretreated powders 
were first wet with water before tanning, there was no difference in tannin 
fixation throughout the entire pH range. Merrill 63 soaked strips of bated 
calf skin in 0.1 M hydrochloric acid, in 0.1M sodium hydroxide, and in dis¬ 
tilled water for 24 hours at 7°. The strips soaked in the acid and in the alkali 
were of course greatly swollen. All three specimens were then brought to a 
pH value of 4.5 and tanned in regular tannery liquors, after which they were 
dried, and the combined tannin determined. The acid-treated strip contained 
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44 parts combined tannin per 100 parts hide substance; the alkali-treated, 43; 
and the distilled water control, 44. In other words, the pretreatment had no 
effect on the ability of the skin to fix tannin. 

In considering the above experiments and their negative results, it must 
be remembered that both hide powder and bated skin have already been 
subjected to a pH value of approximately 12.5 during liming. Such treat¬ 
ment may well obviate any of the pH effects which Gustavson sought. 
Fortunately, Page and Holland 70 conducted similar experiments, employing 
the corium of soaked salted cow hide from which the flesh and epidermis were 
removed by mechanical means. In this way experimental material was 
obtained which had not been subjected to the effect of liming. Corium 
specimens were treated with 0.1 iY hydrochloric acid and with 0.1 N sodium 
hydroxide solutions as shown, were then neutralized and washed free of 
soluble salts, and were tanned for six weeks in increasing concentrations of 
wattle-bark extract at a pH value of 5,0. The leather was then air-dried 
and analyzed, with the results shown in Table 257, wherein the values are 
based on hide substance. 


Table 257 


T renttment 

Combined 
Taninn (%) 

<») 

Combined 
Water-soluble* (%) 

(b) 

(a) + (b) 

No pro treatment 

34.6 

31.4 

66.0 

Soaked 14 days in alkali 

32.6 

42.8 

75 4 

Soaked 2 months in alkali 

34.0 

42.5 

76.5 

Soaked 14 days in acid 

28.7 

47.5 

76.2 

Soaked 2 months in acid 

31.0 

46.2 

77.2 


The figures in Table 257 indicate that either acidic or alkaline pretreatment 
of unlimed eorium slightly decreases its capacity for fixing tannin, under the 
experimental conditions described, but that both pretreatments increase the 
combined water-solubles. When the combined tannin and combined water- 
solubles are added together, they show a constant value for all the pretreat¬ 
ments, and this value is considerably greater than that for untreated corium. 

Effect of Deaminization 

When collagen Is deprived of a portion of its basic groups by deaminiza¬ 
tion, it should behave differently toward vegetable tannins; that is, it should 
fix less tannin if the mechanism of tanning is a combination of the tannins 
with the protein basic groups. The deaminized collagen should also show a 
different and more acid isoelectric point. These logical assumptions led 
Thomas and Foster 114 to investigate the behavior of hide substance which they 
deaminized according to the procedure of Hitchcock. 60 The deaminized hide 
powder used in their experiments contained 17.32 per cent nitrogen; the 
original powder showed 17.81 per cent and the difference, or 0.49 per cent, 
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was taken as the index of the extent of deaminization. Two-gram portions 
of the two powders were tanned for 24 hours at room temperature and with 
constant agitation with 200 ml of the materials shown in their table, which is 
here reproduced as Table 258. 


Table 258. Fixation of Tannins by 2 G. of Deaminized Hide Substance. 
Time of action, 24 hours. 


Hemlock- Gambier Oak-bark 

bark Ex Ex Ex 


pir of 

.- Wattle-bark 

Ex - 

— Quebracho Ex — % 

T.ft - 58.2 

T * - 32 5 

T s «>34 

tanning 

T 

~ 41 1 g/l 

T » * 

26 4 ft /I 

g./l 

g /l 

g./l 

»oln. 

» D h p b 

d 

O h p 0 

1) h p 

O h p. 

D h.p. 

Dhp 

r> h.p. 

1.0 

0.86 

1.48 

1.55 

0.89 

1.16 

0.40 

0.26 

0.35 

2.0 

.07 

1.10 

1.46 

.52 

1.29 

.50 

.17 

.47 

3.0 

.44 

0.90 

1.12 

.50 

1.12 

.32 

.16 

.32 

3.5 

.41 

.87 

0.99 

.53 

0.87 

.33 

.19 

.29 

4.0 

.47 

.94 

.65 

.55 

.69 

.38 

.19 

.33 

4.5 

.54 

1.03 

.62 

.57 

.67 

.47 

.21 

.38 

5.0 

.58 

1.14 

.52 

.65 

.50 

.54 

.24 

.41 

6.0 

.69 

1.22 

.56 

.61 

.57 

.59 

.26 

.42 

7.0 

.82 

1.40 

.59 

.75 

.58 

.62 

.30 

.44 

8.0 

.88 

1.59 

.76 

.74 

.75 

.62 

.29 

49 

9.0 

.56 

0.64 

.70 

.38 

.49 

.41 

.26 

.27 

10 0 

.19 

.28 

.37 

.10 

.20 

.17 

.04 

.10 


a T.s, *=* total solids. 
b D.h.p. ~ deaminized hide powder. 
c O.h.p ■» ordinary hide powder. 
d Values m this column are for two weeks’ action. 


The table indicates a decreased tannin fixation by the deaminized powder 
at pH values less than 4.0 compared with regular powder, but occasional 
greater fixation from pH 4.0 to 8.0. The pH value of the isoelectric point of 
regular powder is around 5.0, and that of the deaminized, as determined by 
the dye technique, between 3.7 and 4.2. Thomas and Foster explained that 
the lessened fixation in the range pH 1.0 to 4.0 was governed by the shift 
shown in the isoelectric point. On the other hand, they found that the 
increased fixation from pH 4.0 to 8.0 was correlated with an increased plump¬ 
ing capacity of deaminized calf skin in this pH range. The suggestion was 
also made that the phenomenon may be related to an increased amount of 
beta collagen which deaminization may have brought about. 

The term “beta” refers to the second of two forms of gelatin or collagen 
postulated by Wilson and Kern, 132 who found calf skin to have two points of 
minimum plumping capacity: one point at pH 5.1; and the other at 7.G. 

The experiments referred to above were made with hide powder, and the 
fixed tannin was obtained by means of the Wilson and Kern method whereby, 
as we have noted, only the difficultly reversible fixed tannin was determined. 
Page and Holland 76 deaminized pieces of cowhide which had passed through 
beamhou.se processes and were tanned, together with undeaminized controls, 
for six weeks with wattle-bark tannin at pH 5.0. At completion of tannage, 
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the leathers were analyzed for both firmly fixed substances, designated as 
combined tannin, and easily reversible fixed substances, designated as “com¬ 
bined water-solubles.” Their results are shown below, where the combined 
tannin and combined water-solubles are expressed as percentage combined 
with hide substance. 

Deaminized H.S Control 11 S 

Per cent combined tannin 22.5 33.1 

Per cent combined water-solubles 40.7 42.1 

63.2 75 2 

Page and Holland commented that these figures indicate that the lowering 
of combined tannin was brought about by deaminization, as Thomas and 
Foster had shown, but that the combination capacity of combined water- 
solubles was but slightly changed, which they interpreted to mean that basic 
protein groups were not involved. In a later study, Page and Holland 78 
tanned both deaminized and regular hide powder with wattle-bark tannin and 
determined the amount of fixed tannin resistant, to hydrolysis and removal 
when the tanned powder was washed with dilute alkali solution. They 
found the deaminized tanned powder to contain considerably less alkali- 
resistant tannin. They believed that it was uncharged NH 2 groups which 
were removed by deaminization. 

Lollar 69 has recently studied the comparative take-up of quebracho 
tannin by regular and deaminized hide powder, employing both the A.L.C.A. 
analysis method and the Lowenthal method for determining residual tannin. 
Deaminization was found to decrease the tannin take-up at all pH levels to 
the value found at pH 4.8 for ordinary hide powder. 

Stiasny 106 has pointed out and stressed that the peculiar behavior of 
deaminized hide substance compared with undeaminized may, with equal 
certainty, be attributed to a change in its structure, whereby its active surface 
has been decreased, rather than to purely chemical modifications. 

Enzymatic Digestion of Vegetable-tanned Leather 

One of the most commonly used descriptive criteria for leather is its 
resistance to enzymatic digestion, in contrast to untanned hide substance. 
Strangely enough, however, the literature contains very little information on 
this very important point. 

Thomas and Seyrnour-Jones 112 studied the action of trypsin on hide 
powder, and their results may be stated as follows: 

Untanned hide powder was rapidly digested by trypsin, the optimum pH 
value for the hydrolysis being approximately 5.9. The rate of hydrolysis was 
a function, among other factors, of the size of the substrate part icles, increasing 
as the size of the hide-powder particles diminished, indicating that the action 
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was taking place at the surfaces of the particles. Finely sifted hide powder 
(passing a 100-mesh sieve) was tanned with basic chrome sulfate, quinone, 
formaldehyde, and gallotannin respectively. The leathers were thoroughly 
washed to remove uncombined matter and were then dried, and the dry 
leather was then digested with trypsin. The results may be summarized: 
when collagen was completely chrome-tanned, it was not hydrolyzed by 
trypsin; quinone-tanned collagen was readily hydrolyzed, as was formalde¬ 
hyde-tanned. The dry hide powder tanned with gallotannin contained some 
30 per cent combined tannin on the hide substance, and this showed a very 
considerable hydrolysis by trypsin. 

Bergmann 7 extensively studied the action of trypsin on collagen and found 
that in the case of fresh collagen fibers, only the exterior surfaces were attacked 
by the enzyme. He pointed out that when collagen fibers were limed and 
then delimed, trypsin could then penetrate them and digest the inner as well 
as the outer surfaces. (This finding has an important bearing on bating, as 
w r e have seen.) Bergmann studied the digestion of various leathers with 
trypsin, and the results are shown in Table 259. 

Table 259 

H S. digested 
with trypsm 


Kind of Leather (%) 

Belting leather, pit-tanned 15.4 

Belting leather, drum-tanned 20.2 

Leather tanned with ordinary quebracho 33 6 

leather tanned with aulfited quebracho 41.6 

leather tanned with ordinary quebracho plus —naphthalene sulfonic acid 54.6 

Chrome-tanned leather 3.1 


Bergmann ascribed the difference in trypsin indices between leather tanned 
with ordinary quebracho and with the sulfitcd quebracho to the change in 
composition of the quebracho tannin which was induced by sulfiting, as the 
formulas below show. 
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Effect of Sulfiting 


It is to be hoped that this subject will be more fully investigated, with 
leather rather than tanned hide powder, since such data should prove helpful 
in extending our understanding of the vegetable-tanning mechanism. The 
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data should include complete analysis of the leather before and after treatment 
with enzymes. 

Effect of Vegetable Tannage on the Acid-combining Capacity of Hide 
Substance 

This subject has a two-fold interest. From a theoretical standpoint, it 
is important to know whether both tannin and acids combine with the same 
skin protein groups. From a practical standpoint, the question bears upon 
the destructive action of acids upon leather, particularly sulfuric acid. We 
are here more particularly concerned with the theoretical phase of the problem. 

Wilson and Bear 131 tanned hide powder with oak-bark extract so as to 
secure a wide range of combined tannin. They then washed the tanned 
powders free of all soluble tannin matter, and any combined acid they may 
have contained, and dried them. An amount of each tanned pow 7 der equiva¬ 
lent to 1.0 gram of hide substance was covered with 50 ml 0.0iA r sulfuric 
acid. This mixture was shaken at intervals for 24 hours at room temperature, 
when equilibrium was reached. The pH values of the acid solutions were 
then electrometrically determined, with the results shown in Tabic 260. 


Table 200 


% Combined 
Tannin per 

100 Kins H S 

pH Value 

% Combined 
Tannin per 

X00 RUiB 11 S 

pH Value 

of Acid 

of And 

Solution 

Solution 

0.00 

3.39 

12.17 

2.96 

0.84 

3 37 

12.61 

2.86 

7.59 

3.23 

14.24 

2.80 

7.86 

3.14 

17.47 

Original 

2.72 

10.45 

3.07 

acid solution 

2.05 


These results indicated that tannin and sulfuric acid did combine with 
the same protein basic groups, since the amount of unabsorbed acid left in 
the solution, as indicated by the pH values, increased as a function of the 
tannin combined with the protein. In view of this finding, Gustavson reasoned 
that if tannin did combine with the basic groups of hide substance, its iso¬ 
electric point should be shifted to the acid side. He tanned two specimens 
of hide powder: one with hemlock-bark extract to contain 49.8 parts combined 
tannin per 100.0 parts Jude substance after washing to remove all soluble 
matter, and the other to contain 30.9 parts combined tannin from quebracho 
extract. The moist, undried leathers were then treated for 12 hours with 
buffer solutions of the desired pH values, at pH intervals of 0.2. This w r a»s 
followed by a six-hour treatment in fresh buffer solutions, to which 2 ml of 
1.0 per cent dye solutions were added. The dyestuffs used were acid blue, 
acid magenta, and Orange IT. The highest pH value at which any dye 
fixation occurred was taken as the isoelectric point of the leather. This 
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value was found to be 3.9 for the hemlock leather arid 4.0 for the quebracho. 
The isoelectric point of the untanned hide powder was 5,0. 

Mickoley, 68 however, obtained results exactly opposite to those of Wilson 
and Bear. He tanned hide powder for 14 days with iiltered infusions of 
ordinary quebracho, sulfited quebracho, chestnut wood, oak bark, pine bark, 
oak/pine barks mixed, and sulfite cellulose—all at their natural pH values. 
The tanned powders were then washed free of all soluble matter and dried. 
They were then analyzed for combined tannin which was found to vary from 
31.7 parts per 100.0 of hide substance in the case of the pine bark to 36.2 
parts for the chestnut wood. Two grams of the dried tanned powder were 
then treated for varying time periods with 50 ml of 0.1AT sulfuric acid. At 
the end of the acid treatment the mixture was centrifuged, and the acid 
remaining in the solution was analytically determined. The results indicated 
that, with the exception of the sulfite cellulose leather, the combined tannin 
of the powders had not interfered with their acid-combining power; this was 
practically the same as in the case of untanned hide powder. From these 
experiments, Miekeley assumed that tannin did not combine with free basic 
protein groups; he believed it to be predominantly fixed at the peptide 
linkages. 

Thompson 121 made the very interesting statement that tannin will quanti¬ 
tatively displace hydrochloric acid which is combined with gelatin or hide 
substance. As proof of this contention he performed the following experi¬ 
ments. 

Five-mi portions of 0.4 per cent ash-free gelatin chloride were brought 
to the pH values shown in Table 261. These various gelatin specimens were 


Table 2b t 


pH value of 

pll value of 

Final pH 

Final pTI 

original 

original 

value 

value 

Rciutm 

tannin 

found 

ealeulated 

4.17 

4.17 

4.02 

4.02 

3.28 

3.92 

3.58 

3.60 

3.48 

3.92 

3.03 

3.65 

3.55 

3.92 

3.06 

3.67 


then added to 100 ml of 1.0 per cent purified tannin solution brought to the 
pH values shown. After equilibrium was reached, the pH values of the mix¬ 
tures were determined and were found to equal exactly the theoretical pH of 
the mixtures, assuming that all the acid combined with the gelatin had been 
displaced by tannin and had been forced out into the surrounding tannin 
solution. Thompson considered this to be strong evidence that tannin and 
acid combine with the same protein groups. 

This would seem to be a very important finding, and we have tried to 
confirm it but have teen unable to do so. We brought 5 ml of 0.4 per cent 
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ash-free gelatin which showed a pH value of 4.70 to the following pH values 
by the addition of 0.1 A hydrochloric acid: 4.20, 3.90, 3.60, 3.30 and 3.00. 
This required the addition of 0.1 A acid as follows: 0.02, 0.045, 0.065, 0.087, 
and 0.115 ml respectively. Each of these 5.0-ml gelatin solutions was added to 
100 ml of tannic acid at a pH value of 4.20, and each mixture was vigorously 
shaken. At the end of two hours the pH values were determined with the 
glass electrode and were found to be: 4.20, 4.20, 4.20, 4.20, and 4.20; these 
values were unchanged at the end of 21 hours. In other words, no detectable 
amount of hydrochloric acid was displaced from the gelatin by the tannic 
acid. In order to change the pH value of 100 ml of tannic acid from, say, 
4.20 to 4.01 required, we found, 1.0 ml of 0.1 A hydrochloric acid; 5.0 ml of 
0.4 per cent gelatin solution required the addition of 0.025 ml of acid to bring 
it from 4.7 to 4.2. The addition of the 0.025 ml of acid from the gelatin 
(assuming it was all displaced) to the surrounding tannin solution would 
cause a practically undetectable change in its pH value. 

In view of the very conflicting results obtained by the several workers 
noted, this subject should be further investigated, and we suggest the follow¬ 
ing procedure. Unhaired and delimed hide should be treated with acid and 
all the excess, uncombined acid pressed out in a hydraulic press at an actual 
pressure of not less than 5000 lbs per square inch, and the acid actually com¬ 
bined with the hide substance determined. Pressed specimens containing 
only combined acid should then be tanned in various tannin solutions, and 
the amount of acid leaving the skin may be quantitatively determined in the 
surrounding tan liquor. Duplicate experiments should be run in which the 
pressed, acid-treated hide is subjected to the action of a similar volume of 
distilled water. The difference in value of the acid found in the tan liquor 
and in the water control would indicate to what extent the phenomenon is 
one of simple hydrolysis and to what extent tannin replaces combined acid. 

The experiments of Innes, 54 which indicated the displacement by tannin 
of combined sulfuric acid from hide, were not conclusive, since his hide speci¬ 
mens were partially tanned before they were subjected to acid treatment. 

X-ray Examination of Vegetable Leather 

Modern investigations of protein structure have been advanced by means 
of x-rays. In view of this, numerous x-ray studies of leather have been 
undertaken, in the hope of throwing light on the nature of tanning. While 
as yet these studies have added little or nothing of a fundamental nature to 
our knowledge, this does not mean that they may not in the future, as both 
techniques and interpretations are improved. 

In 1926, Katz and Gerngross 66 examined various leathers, employing 
disks 1 mm thick cut parallel to the grain surface. These yielded a diagram 
having a broad amorphous inner ring and a very narrow outer ring, the 
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diagrams of the various leathers being the same except as the intensity of the 
rings varied. Using pine bark, quebracho, oak bark, and formaldehyde as 
tanning materials, they next examined sinews in the raw state and again after 
they were tanned and dried. The diagrams obtained showed no change from 
the untanned sinew, except in the case of the oak bark. They expressed 
surprise that the formaldehyde-tanned leather showed no change, since 
formaldehyde was presumed to react chemically with the collagen basic 
groups, and they suggested that the formaldehyde may have reacted with 
micelle surfaces only, leaving the interior untanned and therefore unchanged. 

Ohesly, Anderson, and Thcis 28 made x-ray examinations of animal skin 
which had been subjected to bcamhousc processes but were unable to find 
any structural change during curing, soaking, liming, or bating. Thuau 122 
was also unable to find changes in the diagram of diy skin before and after 
soaking, or in skin tanned with formaldehyde, mineral, or vegetable agents. 
In the case of these leathers the diagrams were essentially the same as before 
tanning, except for the addition of the superimposed diagram of the tanning 
material. 

Highbergcr and Kersten 47 have examined a great variety of leathers. 
They have found that no change in the collagen x-ray diagram was brought 
about by tannage with formaldehyde or with the syntan they employed. 
They did find a definite definition loss in the case of quinonc, veget able, and 
chrome tanning; they ascribed this to an actual distortion of the collagen 
liber structure due to the introduction of the tanning agent. They pointed 
out that when their samples of both vegetable and chrome leathers were 
detannized, the diagrams obtained were identical with that of the original 
untanned collagen. 

Lloyd 68 compared the diagrams of collagen before and after vegetable 
tanning, calling attention to the definition loss of the ring due to the side- 
chain spacing, which she felt proved that vegetable tanning took place at the 
active centers of the side chains. She further pointed out that in good- 
quality leathers the ring due to side chain spacings became diffuse, but that 
the rings due to the backbone spacings and the backbone units were as clear 
as in collagen. This was not the case, however, with poor-quality vegetable 
leathers, where all of the rings lost definition. Pursuing Lloyd’s suggestion, 
Bowker and McNicholas 14 made x-ray diagrams of numerous samples of 
leather tanned with quebracho and with chestnut—both of good quality and 
of quality so poor that the leathers could be pulverized by hand, due to 
sulfuric acid added in tanning. The diagrams showed no difference in the 
two kinds of leather, except that the poor quality showed an increased defini¬ 
tion of the outer ring—in other words, just the opposite of what Lloyd had 
found. They noted that greater differences in x-ray diagrams were found as 
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a function of different materials used in tanning rather than of good or poor 
leather tanned with the same material. 

Astbury 8 has pointed out that collagen fibers differ greatly among them¬ 
selves and that no two x-ray diagrams of collagen fibers are strictly alike. 
Highberger and Kersten 48 in a later study have found that most of the changes 
brought about in collagen x-ray diagrams by tanning agents may be induced 
by mere mechanical treatment, such as prolonged grinding or pressure. 

Reversibility of Tannin Fixation 

A great deal of work and argument has centered around the question of 
just how reversible is the reaction between hide substance and tannin. This 
problem is of great importance, since it not only bears in a significant manner 
upon the practical production and wearing qualities of leather, but consti¬ 
tutes an important phase of tanning theory as well. 

The practical tanner has long known that in tanning hides or skins they 
must always be treated with increasingly stronger tan liquors, since other¬ 
wise they will “go back.” This was illustrated by Earp'* 2 in 1907; he stated: 
“I put a butt which had been a long time in one valonia liquor into a weaker 
liquor, and I was much struck with the loose and unfilled appearance which 
the butt had after a few days in the weaker liquor. I tried my best to make 
the butt recover its plumpness, but could not do so.” On the other hand, 
and to illustrate the probability that the collagen/tannin compound is never 
completely hydrolyzed, we may recall the report of Churchill 24 who, in 1919, 
analyzed sole leather recovered from a ship sunk in Lake Huron in 18G5. 
After some half-century of contact with cold water, the leather showed 13.11 
per cent of combined tannin on hide substance. 

As one digests the voluminous literature of reversibility of the past twenty 
years, it becomes apparent that the numerous, and often conflicting, data do 
not permit final conclusions. At the same time much valuable knowledge 
has been gained. 

The Wilson and Kern method of tannin analysis resulted from these 
workers 7 dissatisfaction with the official method because it did not differentiate 
between that tannin which they felt to be irreversibly fixed by hide substance 
and that loosely fixed or not really fixed at all; and they believed that the 
irreversibly fixed tannin which a material imparts to hide substance was the 
true, and only real measure of its tanning value. All the modern studies of 
reversibility were stimulated by the arguments started by the Wilson and 
Kern analysis method. This method consisted, as has been already stated, in 
agitating for six hours at room temperature 2 grams of hide powder with 100 
ml of filtered analytical concentration solution of the tanning material which 
was examined, The mixture of powder and liquor w r as then washed into a 
special glass extractor designed for the purpose, and distilled water was 
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passed through the tanned powder until the wash water gave no tannin test 
with a. solution of 10 grams of gelatin and 100 grams of sodium chloride 
dissolved in distilled water and made up to a liter. At tins point all the revers¬ 
ible tannin was presumed to have been removed, leaving behind the irre¬ 
versibly combined. The washed powder was carefully dried and weighed; 
the difference in weight found between the powder before and after tanning, 
washing, and drying represented the percentage of tannin in the material 
examined. Table 262 shows the difference in percentages of tannin found 
by the Wilson and Kern and by the official method. 


Table 202 Percentage Analysis of Material, 

✓--A L C. A Method-- —--- Wil&on-Kern 

Insoluble Soluble Matter Method 


Material 

Water 

Matter 

Noutanmn 

Tannin 

Tan mo 

Quebracho 

17.S7 

7.10 

0.90 

08.01 

47.41 

Hemlock bark 

8 90 

74.33 

0.71 

10.00 

0.17 

Oak bark 

52.(50 

3.08 

19.46 

24.20 

12.88 

Larch bark 

51.08 

5.88 

20 90 

22.11 

11.71 

Chestnut wood 

58.90 

1.50 

13.80 

25.80 

11.90 

Sumac 

9.25 

47.20 

17.99 

25 50 

9.01 

()sage orange 

40.05 

3.45 

10.03 

39.87 

13.37 

(him bier 

51.12 

5.36 

18 57 

24.95 

7.79 


The Wilson and Kern method has proved of value as a research tool and 
as a stimulus to further work, but it has not replaced the official method, 
which more nearly determines the actual value of a tanning material and the 
behavior of tannery liquors, as shown by Schultz and numerous other workers. 

Page 74 and Page and Holland, 75 in a series of papers starting in 1928, 
attempted to differentiate between “free water-solubles,” “combined water- 
solubles,” and “combined tannin.” They made many experiments of wash¬ 
ing for long periods leather tanned with wattle-bark tannin and analyzed the 
wash waters for dissolved tannin and non-tannin. They found that regardless 
of the length of the washing period, the water continues to remove soluble 
matter. But when the dissolved values were plotted, the curve showed a 
somewhat sharp break, at which point- the rate of removal of soluble matter 
dropped to a very low value, the exact amount of the drop varying with the 
pH value of the water used for extraction. The material removed before the 
break in the curve comprised both free and combined water-solubles. The 
combined material which remained in the leather after all the water solubles 
had been removed was the combined tannin. To differentiate the free and 
the combined water-solubles, they suggested shaking 10 grams of the leather 
with 100 ml of water for eight hours and determining the matter dissolved, 
which equaled the free water-solubles. This value deducted Horn that 
obtained for the total water-solubles (i.e. y the value obtained before the break 
in the curve) equaled the combined water-solubles. They suggested that 
the combined water-solubles represented tannin combined with the hide 
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substance in some manner different from that in which the combined tannin 
was fixed. 

Merrill 64 also studied the hydrolysis of leather with water and stated that 
such studies enabled him to distinguish three classes of materials present in 
leather: (1) substances not combined with collagen, (2) substances loosely 
combined, and (3) substances combined to form compounds that were prac¬ 
tically non-hydrolyzable. (This classification is essentially the same as that 
of Page.) Merrill added that the line of demarkation between the three 
classes was not sharp. He performed washing experiments with hide powder 
and with hide cubes tanned with various tanning materials. As a result of 
these experiments he found that such materials as wattle, quebracho, and 
oak bark formed compounds with hide substance which were extremely 
resistant to hydrolysis, together with compounds which were more or less 
easily removed by washing with water, but that gambier tannin appeared 
incapable of forming a hydrolysis-resistant compound with hide substance. 
Accurate knowledge of the particle size of these contrasting materials when 
dissolved in water would be very important. The general subject of reversi¬ 
bility of tannin fixation by water has also been discussed by Sfather and 
Lauffmann, 100 Colin-Russ, 26 Forman and Thompson, 36 Pound and Quinn, 85 
A. Cheshire, 22 and by Braybrooks, MeCandlish and Atkin. 15 

While recognizing that the methods discussed above are empirical, it is 
to be realized that the difficulties involved are so great that it is doubtful if 
any really clear-cut differentiation of the various stages and kinds of fixation 
will be achieved. It is of interest to note, however, that Marriott 62 studied 
the refractive indices of leather fibers and concluded that tannin seems to be 
held in three distinct ways: (J) fixed or combined tannin which is not 
removed by washing but which affects the refractive index to a small extent; 
(2) a fraction of water-soluble material not chemically combined but inti¬ 
mately associated with the tanned fiber and contributing to the refractive 
index; (3) a further portion of water-soluble material present as a coarse 
admixture, which does not affect the refractive index. The latter material 
probably coats the fibers and fibrils or is scattered throughout the structure 
of the tanned leather, but docs not penetrate into the micellar or ultrami- 
croscopic structure of the fibers. 

The reversals reviewed above are those in which distilled water was 
employed. We shall now discuss other solvents. 

Wilson and Kern 132 investigated the reversal of combined tannin by means 
of acidic and alkaline aqueous solutions. Hide powder was tanned with 
ordinary quebracho extract at pH 4.6, washed with distilled water until all 
easily soluble matter was removed, and then dried and analyzed; and it 
showed 18.53 per cent “combined tannin” on hide substance basis. Buffer 
solutions were prepared from 0.1 A phosphoric acid with sodium hydroxide 
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to give pH values of 5,0,7,8,9,10, and 11, respectively. Eight-gram portions 
of the dry leather were then extracted for six hours with four liters of each of 
the buffer solutions; that is, each portion was extracted with a solution of 
different pH value. The extracted leathers were then washed free of buffer 
solution with distilled water and were dried and analyzed. The results 
showed that buffers of pH 5, 6, and 7 had extracted none of the combined 
tannin, but that buffers of pH 8, 9, 10, and 11 had extracted 2.6, 3.8, 6.4, and 
8.3 per cent of the original combined tannin, respectively. 

Marriott 61 has extended the studies of Wilson and Kern. Commercial 
leathers and also leathers made from hide powder tanned with various 
materials were washed with distilled water to remove all soluble matter and 
were then dried. The dried leather was then extracted with alkaline solu¬ 
tions, i.c., solutions of OJA and 0.05A sodium carbonate and also saturated 
borax solution. The dried (water-soluble free) leathers were extracted with 
the various alkalies up to 96 hours at both 15/20° and at 42°. The general 
result indicated that from 9 to 12 per cent of tannin remained combined with 
the hide substance after such alkaline extractions. Marriott gives an inter¬ 
esting discussion of his experiments but feels that any adequate explanation 
of the manner of combination between alkali-resistant combined tannin and 
collagen cannot be given at present. It is significant that Marriott found 
that the amount of combined tannin resistant to alkaline treatment is essen¬ 
tially the same, whether the leather is or is not dried out before extraction. 

Page and Holland 73 have employed Marriott’s method in the examination 
of hide powder tanned for seven days with w attle-bark extract, the pH values 
of which ranged from 2.0 to 11.0. The hide pow^der specimens were soaked for 
24 hours before tannage in aqueous solutions having the same pH value as 
that, of the tan liquor which they entered. After tanning, the powders w r ere 
drained and were air-dried at room temperature. They w r erc then analyzed 
according to Page’s methods described on page 605, and to these results was 
added the value for irreversibly combined alkali-resistant tannin according 


Table 263 


pH Value of Tannage 

2 0 

5.0 

5 0* 

8.0 

8.2 

8.4 

% Comb. Tannin on H.S. 

84.0 

42.0 

34.1* 

76.4 

148.3 

160.9 

%Comb. Water Sol. on H.S. 

% Irreversibly Comb. Tan¬ 
nin on H.S. Marriott’s 

108.1 

60.4 

67.9* 

83.6 

19.1 

8.2 

Method 

30.2 

18.1 

6.8* 

23.6 

50.1 

80.9 


pH Value of Tannage 

8.5 

8.5** 

8.6 

8.8 

9.0 

9.5 

10.0 

11.0 

% Comb. Tannin on H.S. 

149.7 

72.9** 

130.0 

127.5 

57.8 

60.5 

51 7 

30.9 

% Comb. Water Sol. on 11. S, 
% Irreversibly Comb. Tan¬ 
nin on H.S. Marriott’s 

22.7 

28.5** 

11.5 

8.3 

24.1 

4.6 

5.7 

2.6 

Method 

60.5 

22.0** 

60.7 

93.6 

27.8 

31.3 

37.9 

30.1 


* Deaminized Hide Powder. 
** Air Excluded. 
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to Marriott’s method, using 0 AN sodium carbonate and treating for 24 hours 
at 42°. The results are shown in Tabic 263. All the figures of the table 
refer to tannage in the presence of air except those at pH 8.5, at which value 
they found the presence or absence of air had great effect; this striking 
difference was not found at any of the other pH values. 

As has long been known, tannins dissolve to varying degrees in certain 
organic solvents. Such solvents have been employed in the study of the 
reversibility of combined tannin in leather. 

In 1910, Trunkel 123 showed that the water-insoluble compound of gelatin 
and tannin could be resolved into its original components when digested with 
alcohol, if the treatment was given before the precipitate was dried; after 
drying, the precipitate was unaffected by ethyl alcohol. With these phe¬ 
nomena in mind, Thomas and Kelly 117 investigated the behavior of tanned 
hide powder toward alcohol. One-gram portions of hide powder were tanned 
with solutions of hemlock-bark extract and of gambier, all of which had been 
brought to pH values of 1, 3, 5, 7, and 9, respectively. The tanned powders 
were then washed with distilled water until free of soluble matter. The 
tanned wet powder was then placed in a Thorn extractor and extracted with 
95 per cent ethyl alcohol. The alcohol was evaporated, and the residue 
weighed; the amount of alcohol dissolved tannin was calculated as the per¬ 
centage of the original combined tannin which the alcohol removed. The 
results for the hemlock tannage are shown in Table 264. 


Table 2G4 


Tanned at pH 

Valuo of 

Grams Tannin 

Fixed by 100 

/-Per cent of T 

btftl Fixed Tannin Removed by-- 

Extraction for 

Grams H 8 

1 Hour 

45 Hours 

91 Hours 

1.0 

59.1 

6.1 

19.3 

23.3 

3.0 

47.4 

7.7 

24.1 

28.9 

5.0 

16.6 

7.8 

17.1 

22,0 

7.0 

33,3 

3.1 

6.9 

9.8 

9.0 

28.4 

4.2 

6.3 

84 

When the 

above experiment 

was repeated— 

but with tanned 

powder 


dried before alcohol extraction—the amounts of combined tannin removed 
were negligible; this confirmed TrunkeTs observation. In the case of the 
gambier-tanned powders, the alcohol-extracted matters were obtained by 
weighing the leather (and not the residue from the evaporated alcoholic 
solution) after drying. These results were less reliable, since the last specimen 
of the series (the one tanned at pH 9.0) showed a gain of 13.8 per cent in 
weight. Thomas and Kelly suggested that this may have resulted from the 
oxidation of the alcohol to aldehyde which may, in turn, have combined with 
the collagen. 

Page 77 has studied the comparative stripping action which various solvents 
have on hide powder tanned with a specially purified wattle-bark tannin 
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which was completely soluble in all the solvents employed for stripping. The 
tanned powder was pressed and air-dried; it was not washed. Ten-gram 
portions of this tanned hide powder were extracted for 24 hours with successive 
l(K)-ml lots of the various solvents. If we designate the total amount of 
material extracted by distilled water as 100 and relate thereto the total 
removed by the other solvents, the following values are found: 

Methyl alcohol, 141; ethyl alcohol, 125; acetone, 109; acetic acid, 82; 
isopropyl alcohol, 12; and ethyl acetate, 10. Page noted that the order of 
stripping effectiveness of these solvents was, with the exception of water and 
isopropyl alcohol, the order of magnitude of their dielectric constants. 

Stather, Lauffmann and Bau Miau 101 found that the solubility of various 
tanning materials in a given solvent varied greatly, as did the solubility of a 
given material in different solvents. The results suggested, however, that 
only those solvents with alcoholic OH groups have marked solvent powers 
for most of the materials. These authors believed decreasing solvent action 
may be related to decreasing polarity of the solvents. The polarity of the 
tanning material itself influences solubility capacity; for example, acetone 
dissolves 82 per cent of ordinary quebracho but only 26 of sulfited. These 
workers found an aqueous mixture of 25 or 50 per cent of a solvent such as 
methyl alcohol, ethyl alcohol, and acetone to be more effective solvents than 
pure water. 

Thermolability of Vegetable-tanned Leather 

The general subject of the behavior of collagen and leather toward heat 
has been discussed in Chapter 5. The “boil test” has long been employed 
in empirically judging the degree of tannage of chrome leather, but it is only 
within recent years that the significance of a heat test in vegetable tanning 
has been recognized. By heat test is meant the behavior of leather when 
heated in water or other media, and the temperature at which the leather 
shrinks in area is termed the “shrinkage temperature” (sometimes designated 
“S. T ”)• 

In 1924 Powarin and Aggcew 86 reported that, whereas calf skin showed a 
shrinkage temperature of 67°, this value increased to 84° after 32 days’ 
tannage in quebracho liquor. Chater 21 has published a series of articles 
dealing with the effect of heat upon vegetable-tanned leathers. He secured 
samples of steer hide from different stages of the vegetable-tanning process: 
(a) after two days’ tannage, (b) half tanned, and (c) fully tanned. The 
shrinkage temperatures were determined, and when the results on all speci¬ 
mens were averaged, the values were: (a) 56°, (b) 67°, and (c) 68°. He did 
not give the analysis of the leathers examined. Hobbs 51 has studied the 
shrinkage temperature of steer hide before and after tanning with five different 
tannages: quebracho, cutch, chestnut, sumac, and a blend consisting of equal 
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parts of chestnut, cuteh, and sulfited quebracho. Time of tannage was up 
to 85 days, but no information is stated as to the liquor strengths, nor how the 
liquors were renewed; neither is the analysis of the leather given. The 
shrinkage temperature of the hide out of lime was 50° and out of bate, 60°; 
this was increased to a maximum which varied with the time of tannage and 
with the five different materials. The quebracho tan showed 86° after 40 
days’ tannage, cutch 85° at 70 days, chestnut 77° at 50 days, sumac 82° at 60 
days, and the blend 79° at 20 days. Continued tannage caused these maxi¬ 
mum shrinkage temperatures to drop. The maximum was regained, however, 
if the leather specimens were washed with water; in other words, as water- 
soluble material was removed. But in the absence of analyses of the speci¬ 
mens it is difficult to decide whether the rise of shrinkage temperature noted is 
a function of removal of uncombined matter or of that loosely combined. 



Figure, 108. Effect of tanning period upon shrinkage temperature. 
(Quebracho tanned.) 


Theis and Blum 107 have recently published extensive data on the shrink¬ 
age temperature of vegetable-tanned leather. They tanned goat skin for 48 
hours at 20° in various commercial tanning materials, whose pH values were 
adjusted to range from 1.0 to 10.0, and whose tannin concentration was 1.0 
per cent. After tannage the specimens were pressed in a hydraulic press to 
remove uncombined matter, and the shrinkage temperatures were then 
determined. The results are shown in Figure 167. 

It will be noted that the shrinkage temperatures vary considerably with 
the different materials and with pH value and this indicates the importance of 
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pH Values in vegetable tanning. The curves for both oak and hemlock show 
two distinct maximum values at approximately pH 6.0 and 8.0 respectively. 
Spruce extract, it will be noted, has but very little effect on shrinkage tem¬ 
perature over the entire pH range. 

The effect of time of tannage is shown in Figure 168, where quebracho alone 
was employed, and in Figure 169, where a blend of chestnut and quebracho 
was used. These figures indicate that only in the more acid tanning ranges 



does any appreciable difference in shrinkage temperature occur as a function 
of tanning time, beyond a certain minimum. 

Figure 170 illustrates the effect on shrinkage temperature when skin is 
tanned with quebracho alone, when it is pretanned with quebracho and 
retanned with 1.0 per cent formaldehyde for 24 horn's, and when it is treated 
with a mixture of quebracho and formaldehyde. Both types of combination 
tannage raise the shrinkage temperature over that of straight quebracho 
tannage, elevating it in the pH range of 6.0 to 8.0 to above the boiling point 
of water. But when the combination tannage? was reversed, that is, when 
the skin was first tanned with formaldehyde and then retanned with que¬ 
bracho, a different result was obtained, as shown in Figure 17L Compared 
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with the reverse procedure (Figure 170), it is noted that a much smaller 
increase in shrinkage temperature was brought about by this type of retan¬ 
nage. 

The results noted above were secured with freshly tanned and undried 
leather. Theis and Blum were interested in knowing whether the retannage 
effects shown would obtain if the vegetable leather was dried and allowed to 



Figure 170. Effect upon shrinkage temperature of leather pre¬ 
treated with quebracho and retanned with formaldehyde: “C” 
quebracho tanned only; “13” quebracho pretanned and formaldehyde 
retanned and “A” treated with a mixture of quebracho and form¬ 
aldehyde. 


age for several months before retanning with formaldehyde. Experiments of 
this nature were performed; they are shown in Figure 172 as Curve C. When 
the values of this curve are compared with those of Curve B, where the leather 
was brought to the pH values shown by means of acid or alkali, it is noted 
that shrinkage temperatures are greatly increased. 

These authors comment upon their results as follows: 

“There are at least two possible explanations for the effect of formaldehyde 
upon vegetable-tanned leather. 
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“The formaldehyde acts only as an independent tannage merely forming 
additional bonds or bridges between imino or amino groups of adjacent 
polypeptide chains* When formaldehyde is used previous to the vegetable 
retannage, certain of these reactive groups necessary for the vegetable-tanning 
reaction are preempted by the formaldehyde. 

“The formaldehyde acts in conjunction with the vegetable-tanning 
material, causing certain polymerization of the anionic tannin molecules, 



Figure 171. Effect upon shrinkage temperature of vegetable 
retannage of formaldehyde tanned leather, “A" formaldehyde 
tanned leather. “B” vegetable re tanned leather. 


giving increased size with subsequent greater tanning effect. It is a well 
known fact that formaldehyde reacts with certain of the vegetable-tanning 
materials. 

“When formaldehyde is used previous to the vegetable extract, the 1 
formaldehyde has expended itself in forming its own particular type of bonds 
or bridges in the tanned skin and is not available for any action whatsoever 
upon the vegetable-tanning material.” 

In attempting to sum up this subject, we should point out that it is still 
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in its infancy but that the information already available indicates its impor¬ 
tance. It is quite possible that shrinkage temperature measurements of 
vegetable leather, both finished and in process, may become of as great, or 
greater, importance as that of any of the older factors, such as pH value and 
combined tannin. Future shrinkage-temperature data would be made more 



Figure 172. Effect of formaldehyde retannage upon commercial 
vegetable tanned leather. “A” shrinkage temi>erature raw skin over 
wide pll range. effect of acid or alkali upon vegetable tanned 

leather. “(. effect of formaldehyde retannage of vegetable tanned 
leather. “D” effect of syntan upon vegetable tanned leather. 


pertinent by the inclusion of the analysis of specimens, to include values of 
combined tannin and combined water-solubles. It would appear from the 
data above, that except in the lower acid ranges the amount of fixed or com¬ 
bined tannin—above a certain minimum—does not greatly affect the shrink¬ 
age temperature. For this reason it would be instructive to secure the 
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shrinkage temperature 1 of leathers containing a wide range of combined 
tannin fixed from liquors of a common pH value. Each of the commoner 
tanning materials and blends thereof could be represented in the leathers 
tested. 
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Chapter 18 

Theory of Vegetable Tanning 

There is as yet no inclusive theory of vegetable tanning; and it is very 
probable that no single theory will ever explain the many ramifications of the 
process. But the importance of understanding what occurs when tannin 
combines with skin to form leather cannot be overemphasized. In addition 
to tiie great theoretical interest and fascination of the reaction, we cannot 
expect to control the process in a scientific manner unless we understand its 
mechanism. Nor can wc hope to synthesize the now greatly needed organic* 
tanning materials successfully without understanding their real function. If 
the leather industry throughout the world is to meet the present and future 
challenge of substitutes, and the call for new types of leather, it can do so only 
through a sound scientific understanding of its materials and processes. The 
day of empiricism and pseudoscience in tanning has passed. Even though 
we still have much to learn of the tanning mechanism, a great deal of knowl¬ 
edge has been accumulated, as we have already noted in this volume. We 
shall now proceed to discuss the principal theoretical interpretations of the 
subject, although lack of space prevents complete consideration of the 
voluminous literature available. 

In 1795 Seguin, a scientifically educated French tanner and a disciple of 
Lavoisier, explained tanning as a salt formation resulting from the reaction 
between basic hide substance and acidic tanning material. In 1803 Davy 
pointed out that the amount of tannin which combined with gelatin varied 
with the relative concentration of each. His general conclusion was that 
85 parts of gall-nut tannin combined with 100 parts of collagen. In 1858 
Knapp 11 suggested that tanning was a purely physical phenomenon, in that 
the tanning material merely coated the outside surfaces of the hide fibers, 
thereby rendering them immune to the action of dissolving agents as well as 
preventing their adhesion in drying. The work of these early investigators 
thus resulted in a sharp division of tanning theory into the “chemical” and 
the “physical.” Such a strict distinction is no longer tenable, as we shall see. 

Since many of the existing theories of vegetable tanning are more or less 
interwoven and often differ more in terminology and interpretation than in 
fact, we shall describe them as presented by their authors before discussing 
them. 
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In 1908, Stiasny 21 wrote: “Tanning consists primarily of the adsorption 
of the semi-colloidal substance which can undergo secondary changes leading 
to the irreversibility of the whole process.” In the same year Wood stated: 
“An examination of the facts shows that the combination of gelatin and tannin 
compound is not of constant composition, nor a purely physical one, since it 
does not obey the solution laws, which require the concentration of the tannin 
in solution and the tannin in the gelatin to maintain a constant ratio.” As a 
result of his studies of combination tannage with both chrome and vegetable 
tannin, Wood' 10 wrote: “From this it will be seen that the tannin attaches 
itself to different bonds in the gelatin molecule from those to which the 
chromic oxide is attached.” 

In 1909, von Schrocdcr 26 suggested that vegetable tanning consisted of the 
neutralization of negatively charged tannin by positively charged collagen. 

At about this period Meunier, 14 Fahrion, 5 and others suggested that vege¬ 
table tanning materials may form quinones on oxidation, and that some of 
these quinone bodies oxidize the amino groups of hide substance, which then 
combine with the quinones remaining in the tan liquor. Powarnin 18 suggested 
that quinone formation does not result from oxidation of tan liquors but is 
due to mi isomeric change 1 occurring in the tannin, whereby quinones are 
formed without the introduction of oxygen. 

In 1921, Freudenbergf suggested that the combination between tannin 
and collagen is similar to that between a weak base, like aniline, wllh phenol, 
since Baeyer and Viliiger found that many weak bases combine with phenolic 
substances in equimoleoular proportions, or their multiples. And in 1934 
Freudonberg 7 amplified his views as follows: 

“The general property of all tannins is a high content of phenol groups in 
molecules which are more or less large. We shall now see that the inter¬ 
action of tannins with the proteins of the skin is based on the reaction of 
phenols with amines and amides. Phenol itself, like many other phenols, 
combines with amines like aniline, or amides like urea, to form crystalline 
addition products. More complicated phenols show this property more 
distinctly, and tannins give precipitates with alkaloids, pyridine, or amides. 
More complicated amines and amides, c.g. } peptides, on the other hand, 
behave in the same manner. 1 am therefore of the opinion that the inter- 
molecular forces, which allow phenols and nitrogen compounds to combine, 
are also responsible for the interaction of tannins and proteins. Opposite 
electric charges may, furthermore, contribute to the approach of the tannin 
particles to the protein particles, but the primary impulse will obviously be 
given by molecular forces.” 

In 1922, 1923, and 1924, Burgenbcrg de Jong 4 published articles of special 
importance which seem to have been largely ignored. He investigated the 
electrochemistry of pure tannin and found it to possess no electrical charge. 
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He pointed out that impure lyophilic colloids are generally precipitated by 
tannin regardless of whether they are negatively charged, as in the case of 
the colloidal carbohydrates, or positively charged, as in the, case of skin 
proteins in tanning; and lie suggested that the first reaction between tannins 
and hide substance is a rapid dehydration of the latter by the former* Sub¬ 
sequent chemical reactions between tannin and hide substance may occur, 
but the first and primary action is one of dehydration. The dehydrating 
power of a tannin increases rapidly with the number of phenolic groups in 
its molecule. 

The fundamental concept of the dehydrating of hide substance by tannins 
has been quantitatively studied by Meunier and Le Vict lf> in 1929 and further 
discussed by Meunier 16 in 1930. These authors defined astringeney as the 
ability of a tannin to contract tissues, and showed that this quality may be 
measured by changes induced in the plumping of hide substance. They 
defined water of plumping as water so held by hydrophilic groups of the 
protein that it cannot be removed by mechanical means, such as pressure or 
centrifuging. (In other words, they refer to “bound water.”) Whenever 
these water-holding groups are transformed into a less hydrophilic state, 
tannage may be said to occur. Reduction in bound water of unhaired calf 
skin subjected to various tanning agents was determined. The skin was cut 
into cubes 3 mm on a side, and 3.0-gram specimens were centrifuged for 
15 minutes at 3000 rpm and weighed; they were then tanned for 48 hours. 
After tanning, the specimens were washed free of soluble material and were 
then placed for 36 hours in a solution of acetic acid at a pH value 1 , of 2.4; after 
this they were again centrifuged and weighed, and then weighed again after 
drying. The difference in bound water of the tanned specimen compared 
with that of the control skin (similarly treated with acetic acid) is termed the 
“astringeney value” of the tannin employed. When thus determined and 
calculated, quinonc showed a value of 41.2, hydroquinone solution saturated 
with carbon dioxide 3.1, hydroquinone in the presence of light and air 31.0, 
gallotarmic acid 23.0, gallic acid solution saturated with carbon dioxide 0.0, 
but in the presence of light and air 30, ordinary quebracho 29, sulfited que¬ 
bracho 16, and formaldehyde 45. Meunier commented that the protein 
molecule is a complex construction of amino acids joined together by bonds 
of variable force, having free NH 2 groups at certain points. The water 
present in hide substance is either free or bound. The groups most active 
in holding the bound water are the NH 2 , and the more of these that are present 
the greater will be the amount of bound water. But the protein molecule 
also contains many peptide linkages, which do not possess equal resistance to 
water and other disrupting influences, such as tannin. These linkages may 
open up and generate COOH and NIR groups—the latter immediately com¬ 
bining with the OH groups of tannin; and this splitting and combining 
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(tanning) process proceeds. This phenomenon is assisted by oxidation 
induced by the air which is occluded or dissolved in the tan liquors. Meunier 
ascribes the difference between slow and rapid vegetable tannages to the fact 
that in the former the bulk of the tannin of the leather is fixed or combined 
irreversibly, whereas in the latter it is combined reversibly. 

In 1927, Li 12 studied a large variety of tanning compounds and pointed 
out that they all contained one or more OH groups. He advanced the theory 
that vegetable tanning consists of chemical combination between the NH 2 
groups of hide substance and the OH groups of the tannin. He further 
suggested that the position of the OH group in the molecule of the tanning 
material is of great importance; that is, a single OH group must be near the 
center of the molecule, as in naphthol, or that two OH groups must occupy 
symmetrical positions near the extremities of the molecule. In other words, 
there must be a “balanced” molecular structure. 

Lloyd 13 has interpreted tanning to mean suppression of the chemically 
active centers in the side chains of the collagen molecule, together with 
dehydration and protection of the peptide linkages of the molecular backbones. 
The carboxyl groups of collagen will be inactivated by the acid character of 
the tan liquor and the? amino groups by chemical interaction with hy¬ 
droxyl groups of the tanning agent . This chemical interaction is probably 
initially a salt formation and is later transformed into a covalent linkage; 
and in vegetable tanning, interaction also occurs with imino groups of the 
polypeptide molecular backbone. The strength of the chemical bond between 
collagen and tanning agent increases with the size of the tannin molecule. 
This is because of the balance of forces involved; valency bonds tend to hold 
together the interacting collagen and tannin, whereas the vibrational forces, 
due to the kinetic energy of the individual molecules, tend to shake them 
apart. As all molecules in equilibrium have the same kinetic energy, small 
molecules vibrate more violently than large ones. Tt follows, therefore, that 
if a collagen molecule is inactivated by a number of small tannin molecules, 
the balance of forces holding tannin and collagen together will be less than if 
all the active centers of the collagen molecule are inactivated by a single large 
tannin molecule. 

Phillips 17 views vegetable tannage as the displacement of bound water 
from ionogcnic groups of both collagen and tannin, and believes this occurs 
by mutual satisfaction of residual valencies. In other words, the residual 
valencies are exercised toward one another and not toward water molecules. 

Braybrooks, MeCandlish, and Atkin 3 have suggested two types of reaction 
between tannin and collagen: (1) An acid/base reaction between tannin and 
collagen amino groups, (2) condensation reactions of various types, which 
involve replacement of bound water by tannin. This second type is readily 
reversed by water and gives rise to “combined water-solubles.” The first 
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reaction type is responsible for "combined tannin/’ and is dependent on pH 
value only above pH 8.0. Combination of tannin with amino groups is never 
complete, because these groups are never wholly accessible to the tannin. 
Accessibility is increased by the swelling of collagen, which explains increased 
tannin fixation as a function of swelling. 

In a series of papers starting in 1930, Wilson 28 considered the mechanism 
of various tannages from the electronic standpoint. He concluded that 
effective vegetable tanning consists of the linking together by the tannin of the 
adjacent polypeptide chains at two or more points. In this way he explains 
the difference in the tanning properties of an ineffective tanning agent like 
lignin sulfonic acid and an effective agent like quebracho. By effectiveness 
is meant the resistance of leather to heat, as measured by its shrinkage tem¬ 
perature. Skin may be tanned with lignin sulfonic acid to show a very con¬ 
siderable amount of "combined tannin/’ but its shrinkage temperature is very 
low, whereas that of quebracho-tanned skin is very high. This is because 
quebracho, t>eing polyfunctional, links together the polypeptide chains at 
two or more points, whereas the lignin sulfonic acid is unable to do so. In 
other words, the effectiveness of a vegetable-tanning agent cannot be? meas¬ 
ured by the degree to which it combines with collagen, but is determined by 
the kind of combination. Theis and Blum 23 have studied these phenomena 
at great length, employing many different vegetable tannins and reaching the 
same general results and conclusions as those of Wilson. 

A number of workers have shown that, w r hen hide powder is treated with 
increasing concentrations of tannin and the total absorbed tannin is plotted 
as ordinate and the unabsorbed tannin as abscissa, a parabolic curve results; 
and when the logarithms of such values arc plotted, a straight line is obtained. 
These workers considered these results as indicative of an adsorption reaction. 
In the light of modern knowiedge such results cannot be assumed to explain 
fundamentally, but only to describe the course of the reaction. 

Stiasny 22 summarized the mechanism of tanning as follows: "Tanning 
means the transformation of the lyophilic groups in hide collagen into lyo- 
phobic groups. This transformation can be obtained either by reactions 
between active groups of the collagen and hydroxy groups of the tanning 
agent, due to secondary valencies on both components, the vegetable, mineral, 
and fat tannages being examples of these kinds of action; or by such reactions 
between hide and tanning agents, whereby primary valencies are concerned, 
not necessarily including the proceas of salt formation. Examples of this 
kind of tanning are given by the formaldehyde tannage, quinone tannage, 
and tannage by halogens.” Stiasny has long emphasized the importance of 
particle size of tannins in their tanning behavior, and he was the first to 
attempt to determine the degree of dispersion of tan liquors. 

In 1916, Procter and Wilson 1 * stated their theory of vegetable tanning- 
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the outgrowth of their well-known application of the Dorman membrane 
equilibria to the swelling of gelatin, Their conceptions, briefly stated, were 
as follows. In normal tanning the tannin is negatively charged and the hide 
substance positively; thus when the two oppositely charged bodies meet, 
electrical neutralization and co-precipitation of the two colloids follows, 
They stated: “The rate of tanning will be a maximum for a given con¬ 
centration of liquor when the potential differences are of opposite signs and 
the absolute value for each is a maximum. As the concentration of electro¬ 
lytes in the solution is increased, the potential differences between the solution 
and both the jolly phase of the hide and the surface layer surrounding the 
tannin particles will decrease, lessening the rate of tanning; but if the con¬ 
centration of the electrolytes is increased sufficiently, the tannin must pre¬ 
cipitate alone and the collagen shrink to a hard mass. In alkaline solutions 
both colloids have*, negative charges, and consequently will not combine.” 
This concept, it will be noted, is essentially the same in principle as that of 
von Schrbeder. In a later publication Procter 20 stated: “We may thus 
divide vegetable tannage into two stages, in the first of which the tannins 
combine 4 electrically or chemically with the fiber and render it insoluble, and 
in the second matters are deposited upon if- which add to weight and solidity 
of the leather; but of course the two stages overlap in time and the different 
qualities of leather produced by different tannages are largely due to their 
relative proportion, and the amount of precipitable matter which the tanning 
materials contain.” Wilson 27 has pointed out that the Procter-Wilson theory 
does not take into consideration tin* complex organic reactions which appar¬ 
ently occur in tanning with liquors which have pH values greater than 5.0 
(the isoelectric point of collagen); nor is it concerned with fixation changes 
which may occur in the collagen/tannin compound in drying or aging. 

Thomas 26 and his collaborators have made extensive studies of the applica¬ 
tion of the Procter-Wilson vegetable-tanning theory, and of the fixation of 
tannin by hide substance as a function of the pH value of tan liquors. The 
results of the latter studies are summarized by the general curve shown in 
Figure 165. Thomas has explained this curve as follows: 

The rise in fixation from pH 5.0 (the isoelectric point of collagen) to 
pH 2.0 is readily understandable from the viewpoint of the Procter-Wilson 
theory, since in this pH range the collagen is positively charged and the 
tannin negatively. The fixation between pH 5.0 and 7.7 is a function of an 
intramolecular change of the collagen in this region, whereby the collagen is 
no longer entirely in its original state but has been partially converted into 
the “beta” form described on page 597. This second form of positively 
charged collagen is assumed to have an isoelectric point of approximately pH 
7.7, is stable in alkaline solutions, and combines with negatively charged 
tannin. The decreasing but still appreciable tannin fixation between pH 7.7 
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and 11.0 is presumed to result from quinone-like bodies present in commercial 
tanning materials, since pure tannic acid showed practically no fixation in this 
pH region. 

The difficulty in accepting the explanation given above for tannin fixations 
in the pH range 5.0 to 2.0 becomes apparent as soon as we consider the sub¬ 
ject of electrical charges on tannin. When Thomas determined the electrical 
charge on various tannins (see Table 240), he unfortunately did not include 
pure tannic acid. But Bungenberg de Jong was unable to find any indication 
of an electrical charge on pure tannic acid. This immediately raises the 
important point that if a typical tanning material like tannic acid carries no 
electrical charge, we are not justified in assuming that tannage in the pH 
range 5.0 and 2.0 is principally a function of neutralization of electrical charges. 
The fact that commercial tannins do carry charges does not meet this objec¬ 
tion. And even in the case of commercial tannin the evidence throws grave 
doubt upon the electrical charge concept, as the following considerations 
show, Thomas and Foster added hydrochloric acid to quebracho, and 
showed that when a pH value of 3.37 is reached the quebracho tannin is 
electrically neutral. But Wilson showed (Table 245) tremendous tannin 
fixations at pH 3.5, and general tannery experience confirms this. Again, 
Thomas and Foster showed (page 5fi(i) that at. pll values below 2.0, hemlock, 
oak, wattle, sumac, and gam bier all become positively charged, and yet their 
experiments (see Figure 165) indicated tremendous fixations at such pH 
values, where both collagen and tannin would be positively charged. 

As to the tannin fixations between pH values of 5.0 to 7.7, which Thomas 
explains as a function of the conversion of collagen into the beta form, Atkin 1 
claims to have proved that the second isoelectric point for gelatin or collagen 
postulated by Wilson cannot, exist. This statement is made in an abstract 
of a paper entitled “The Titration of Gelatin and Collagen” delivered in 1937, 
but which we have been unable to find printed in full. There would seem to 
be little doubt, however, that the isoelectric point of unlimed collagen, or 
of that only slightly limed, is quite different from that of collagen which has 
been fully limed. In 1937, Gustavson* stated: “Unpublished determina¬ 
tions of the isoelectric points by the writer’s chromium complex fixation 
method located the corresponding pH range as 7.0-7.5 for raw hide and an 
isoelectric point of the six days-limed hide in the range 5.5-6.0.” In 1939, 
Highberger 10 eloctrophoretically determined the isoelectric point of collagen 
which had received only a mild alkaline treatment and found it to be at 
7.8; and he suggested that the shift to pH 4.7 (the isoelectric point of commer¬ 
cial gelatin and of standard hide powder) is due to a fundamental change in 
the protein, caused by the alkaline treatment given these materials in liming. 
In the same year, Beek and Sookne, 2 employing essentially the same method, 
found a value df about pH 7.0. In 1940, Theis and Jacoby 24 secured a titra- 
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fcion curve with Highberger’s unlimed collagen, in the presence of 0.1N KC1, 
and found an isoelectric zone extending, approximately, between pH 7.0 and 
9.0. The position of the isoelectric point of unlimed collagen, however, has 
not yet been found to bear upon the behavior of fully limed collagen with 
vegetable-tanning materials. 

Page and Holland (Table 244) show essentially no difference in wattle- 
bark tannin fixation at pH values of 3.0, 5.0, and 8.0, and in Table 263 these 
authors show more combined tannin at a pH value of 8.8 than at 2.0. They 
are unable to explain the mechanism of tannin fixation at high alkalinitics, 
which may be due to oxidation effects but, in view of the high tannin fixation 
values obtained, could hardly be due to quinone-like bodies. It should be 
noted that appreciable fixations in the alkaline ranges shown are contrary 
to tanning experience. 

Gustavson 0 has recently suggested a mechanism of vegetable tanning; 
this publication is not available in the original but, in its abstracted form, is 
essentially as follows: 

Vegetable tannin is fixed by collagen by means of two separate types of 
reaction, electro valent and cfxmlinate. Tn the first and most important 
reaction (whereby hydrothermal stability is attained), negatively charged 
astringent tannin combines with positively charged basic protein groups; 
this type of reaction occurs rapidly. The second, or coordinate reaction, is 
associated with the peptide groups, and is unaffected by the pH value of the 
tan liquor. Gustavson states that there is no sharp demarcation line between 
the two reactions, which proceed simultaneously. Gustavson *s conceptions 
are essentially the same as those of Lloyd, described on p. 621. Both workers 
ascribe the leading role in vegetable tanning to an clectrovalont reaction. 
But as we have pointed out, such a conception may not be profitably con¬ 
sidered until we are sure that we are actually dealing with the eloctrovalcnt 
neutralization of oppositely charged bodies. If pure tannic acid carries no 
electrical charge, if quebracho is electrically neutral at a pH value of 3.37, 
and if it becomes positively charged at around pH 2.0, it would appear rather 
futile to ascribe a leading role to eloctrovalcnt reactions. 

On page 614 we have discussed the mechanism of formaldehyde/vegetable 
tannage and have suggested the possible bridging of parallel protein chains 
by vegetable tannins by means of coordinate linkages between imino or 
amino groups in juxtaposition. It is quite possible that such a linkage is 
the important one in vegetable tanning and is the determining factor in the 
heat stability of the leather. This linkage would not, of course, account for 
all the t annin fixed by collagen; the additional fixed tannin may result from a 
coordinate linkage of the tannin bodies and the charged amino groups, without 
any bridging* of protein chains. The first type of linkage seems to be very 
rapid, as we have noted, and is probably independent of pH value in the range 
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3.0 to 7.0. In this connection we may recall that Wilson and Kern tanned 
hide powder with quebracho at various pH values and then washed the 
tanned powder until only irreversibly fixed tannin remained; they found the 
amount of such fixed tannin to be constant in a pH range of 3.6 to 7.3. The 
second type of reaction probably accounts for the very necessary “filling” of 
the leather and for others of its properties, without contributing to its heat 
stability, as suggested by Theis and Blum 23 and by Wilson and Forth. 29 

The general conception of bridging or linking together of adjacent protein 
chains by tanning agents is one of importance in all considerations of the 
theory of tanning; it is a conception which is both logical and attractive. 
At the same time we must realize that we still lack final proof of its validity. 
Until such proof is obtained we can, however, employ it as a useful working 
tool. 

In summarizing the various theories of vegetable tanning, we can see that, 
there are many conflicting as well as common points between them. But 
with newer and better experimental methods at hand, the next decade should 
witness great advances in both theoretical knowledge and its practical 
application. We would now like to emphasize certain points which we feel 
to be of importance. 

The employment of hide powder for experimental work is not to be 
generally recommended. When hide substance is finely divided by grinding, 
its physical condition becomes so different from that of the hide or skin 
employed in tanning that negative, or actually misleading experimental 
information, is often obtained. Pieces of hide or skin should be employed 
where possible. In order to have a uniform material, and one which will be 
uniform from lot to lot, we recommend for most purposes the material 
described on page 444. 

The determination of bound water in tanning experiments is of importance. 
Very little information now exists regarding bound water values in tanning 
phenomena, but that little indicates the importance of such knowledge. 

The subject of the electrochemistry of tannins is in a very unsatisfactory 
shape, as has been noted. If pure tannic acid carries no electrical charge, as 
Bungenberg de Jong states, or if commercial tannins are electrically neutral 
or positively charged at optimum tannin fixation pH values, many of our 
theoretical conceptions must be revised. Further information is needed on 
this whole subject. 

Future tanning experiments may well include, together with fixed or 
combined tannin, determination of the combined water-solubles. This 
information will probably prove of increasing value in both theory and 
practice. 

There now seems to be little doubt that the behavior of leather in the 
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presence of heat—the shrinkage test—is of fundamental importance in both 
the theory and practice of vegetable tanning. Further data in this important 
field should be gathered, and it should be correlated with leather composition. 

The need of an adequate quantitative method for determining degree of 
dispersion of tan liquors has been stressed throughout the previous chapter. 
The fact that the attainment of such a method presents difficulty does not 
lessen its great importance. 
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Chapter 19 
Iron Tanning 

The subject of iron tannage has long been of academic interest and thus 
a subject for scientific speculation and experimentation. The economics and 
universal availability of this particular metal have for centuries spurred the 
investigator in his effort to manufacture a commercially suitable iron-tanned 
leather. 

Historical Development 

An excellent summary of the history of iron tanning is contained in a 
treatise by Jettmar. 0 Johnson in 1770 obtained an English patent pertaining 
to the use of iron sulfate and hydrochloric acid as tanning agents. Some 24 
years later another English patent was issued to Ashton. In this ease, the 
ferric salt was prepared either by dissolving iron oxide in acetic acid or by 
oxidizing ferrous sulfate in one of a number of ways. In 1805, Hermbstadt 
investigated Ashtoiis patent and found that the best tannage was obtained 
by dissolving the iron in acetic acid. This is extremely interesting in view r 
of our present view relative to organic salts of such metals as aluminum, 
chromium, and iron. 

Knapp 8 obtained a number of patents covering iron tanning, but all his 
attempts to manufacture iron-tanned leather successfully failed; the leather 
was brittle and thin, and it deteriorated with age. Knapp mentioned that, 
while the tanning properties of ferric salts were well known, no one had as 
yet made serviceable leather from them. lie recommended a method in 
which the skins were soaked in a solution of ferric, aluminum, or chromium 
salt and then in a soap solution. The fibers of the skin became coated with 
the insoluble soap of the heavy metal. 

Jackson and Hou 5 made an extensive investigation of the various factors 
obtaining in the iron-tanning of sheep skins, including the best methods of 
oxidizing the ferrous to ferric salts and the relation of basicity to their sta¬ 
bility and tanning properties. These investigators found that a slight excess 
of oxidizing agent before tanning is advantageous. They recommended the 
addition of a small quantity of oxidizing agent toward the end of the tanning 
process, since the skins and other organic matter present cause some reduction 
of the ferric to ferrous salts. They found the basicity factor to be very 
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important. Neutralization during tanning must be regulated so as to effect 
uniform fixation of iron throughout t he skin and to keep the ratio of hydroxide 
groups to acid groups in the ferric salt between the values of 1; 8 and 1: 5. 
Before fatliquoring and coloring, the leather must be dried in order to cause 
maximum iron fixation and thus prevent interaction of the free iron salt with 
these added materials. Jackson and Hou pointed out that it was generally 
believed that the tanning salt had the formula FeOIISO* or was, in other 
words, 331 per cent basic in character. They maintained that such a basic 
iron salt is unstable in solution, invariably giving a precipitate of hydrated 
ferric oxide. They claimed that the chief cause of brittleness of iron-tanned 
leathers is not the oxidizing action of the ferric salts but improper methods of 
tannage. In subsequent work, they prepared an iron-tanned leather which 
they were convinced compared favorably with other mineral-tanned leathers. 
It would not stand the standard shrinkage test, but had a shrinkage tempera¬ 
ture in water of about 75°. 

Procter 13 believed that the failure to produce satisfactory iron tannage 
might be due to the fact that iron salts act as oxygen carriers. His con¬ 
ception was that the ferric salt oxidized the organic part of the leather, 
becoming itself reduced to the ferrous state, slowly being re-oxidized by taking 
up oxygen from the air and them repeating this cycle. Oasaburi 2 postulated 
that the poor results obtained in iron tannage were duo to incomplete removal 
of uncombined ferric salts from the leather. He obtained a complete tannage 
with a 67 per cent acid ferric sulfate liquor, a less satisfactory result w r hen 
ferric chloride was present, and poor results with normal ferric acetate. 
Casaburi followed his use of ferric acetate with that of other organic acids. 
He made quite extensive studies with citric arid tartaric acids and claimed a 
satisfactory iron-tanned leather. His work, probably due to the patriotic 
motif “A Contribution to Italian Self-Sufficiency,” is somewhat vague and 
clouded. 

In 1928, Thomas and Kelly 16 approached the problem from an angle 
entirely different, from any that had been used by other investigators in this 
field. They prepared a stock solution of pure ferric sulfate and made up 
their solutions for tests from this. They used only clear solutions which of 
necessity limited the range of concentration and basicity covered. Their 
procedure was to shake 2 grams of purified hide powder with 400 ml of the 
tanning liquor for definite 1 periods, filter on Wilson-Kern extractors, wash 
free from soluble iron and sulfate, air-dry, and ash. In the light of present 
knowledge, this procedure would take into account irreversibly fixed iron only, 
and thus would not give the* true picture of the iron fixation. The prolonged 
washing, which is quite contrary to actual tanning practice, would cause 
extensive hydrolysis of the ferric salt, remove a large* portion of the fixed 
acid, and leave chiefly precipitated iron oxide. 



630 


CHEMISTRY OF LEATHER MANUFACTURE 


Thomas and Kelly studied the basicity factor of the iron salt, effect of 
iron-salt concentration, effect of time and of neutral salts upon iron fixation. 
They found greater fixation of iron from the more dilute solutions than from 
the more concentrated ones, and also increased iron fixation with increasing 
basicity and the attainment of equilibrium at a fixed basicity and concentra¬ 
tion in some 6 to 8 hours. With regard to neutral salts, these investigators 
found that sodium chloride decreased the iron fixation whereas sodium sulfate 
had very little effect. The complete studies of Thomas and Kelly are given 
in the second edition of this monograph and will not be further discussed here. 

From 1928 to 1941 little attention was accorded the subject of iron tannage 
from either the theoretical or practical viewpoint. Late in 1941 the leather 
industry of North America was confronted with a shortage of chromium due 
the curtailment of chrome ore imports. As a result, several investigators 
began a serious study of iron tannage. The remainder of this chapter will be 
devoted to these recent studies. 

Ruppenthal and Malik 14 attacked the problem of iron tannage from the 
viewpoint of the practical tanner. Their work is divided into two parts: 
iron tanning and combination iron-chrome tanning. The}' first investigated 
the use of ferric sulfate as a tanning agent and studied the potentialities of 
this reagent when used alone. They then proceeded to modify the ferric 
sulfate liquor by the addition of different sodium salts of various organic 
acids and various phosphates. They used the leather shrinkage temperature 
as their criterion of tannage. They found that iron phosphate-tanned skin 
gave a shrinkage temperature some 20° F higher than when iron sulfate was 
employed. They found organic acid salts to lx 1 beneficial, provided the acid 
contained a hydroxyl group in the molecule. As a result of these studies, 
they recommended the use of sodium gluconate along with sodium phosphate, 
since these two salts gave a leather having a shrinkage temperature of about 
205° F. fn subsequent studies, the ferric sulfate and clnomic sulfate com¬ 
bination, together with the ferrous sulfate-sodium dichromate reaction, were 
extensively investigated. From their studies, Ruppenthal and Malik con¬ 
cluded that: (1) phosphate and gluconate should bo incorporated in the 
iron-chrome tannage; (2) very little choice existed between the oxidation- 
reduction method and the ferric sulfate-chromic sulfate procedure, and (3) 
leather first treated with the iron liquor and then retanned with chromium 
salts gave the highest shrinkage temperature. 

In 1943 Fleming 3 reported his investigation of iron tannage. Like Thomas 
and Kelly, lie studied the effect of the basicity factor, of time and concentra¬ 
tion, and the effect of neutral salts. Although repeating in some respects 
the work done earlier by Thomas and Kelly, Fleming made use of a certain 
analytical technic giving in some respects a somewhat different picture from 
that obtained by earlier investigators. In all his work, Fleming used 0.5-inch 
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bated calf skin squares prepared similarly to those used by McLaughlin and 
his associates. Samples containing 10 grams of hide substance, as calculated 
from nitrogen determinations, were first soaked 24 hours in 100-ml portions 
of distilled water at room temperature. The experiments were carried out 
in closed glass jars, with continuous agitation at room temperature. After 
the desired time periods of tannage, the samples were removed to funnels 
and allowed to drain, the liquors being collected in flasks for subsequent* 
analysis. For his later experiments dealing with the ferrous sulfate-sodium 
dichromate reaction, the samples were washed after tannage and then pressed 
twice in a hydraulic press at a gauge pressure of 5000 pounds. In the experi¬ 
ments dealing with fixation of iron from ferric sulfate solutions, washing was 
eliminated, but a gauge pressure of some 22,000 pounds was used for pressing 
the samples. 

Effect of Time and Concentration 

These experiments were carried out by tanning pickled calf skin squares 
in tan liquors containing various concentrations of ferric sulfate over varying 
time periods, the overall basicity being maintained at IO 3 per cent-. The 
sodium sulfate concentration was maintained at 5 per cent of the tan liquor 
\olume. The results so obtained are shown in Table 2G5 and in Figure 173. 


'Table 265. Effort of Time and Concentration of Iron Fixation. 
From £ Basic Feme Sulfate Solutions. 


F(*?Oj on 

- -- (Jianih 

)< Fixo(l per 

100 drams Jfido Substam 

v O --S 

llulc Substanoo 

i hour 

d hours 

0 hours 

21 hours 

5 

2.36 

3.47 

4 32 

4.50 

10 

3.02 

4 70 

5.01 

6.13 

15 

4 32 


6.65 

7.31 

20 

5.38 

7 01 

7.46 

7.95 

25 

5.69 

7.53 

8.05 

8.11 


It can be seen from these data that: (1) equilibrium has been essentially 
established in some f> hours and therefore a 24-hour tanning period is ample 
for establishing equilibrium under these set conditions; (2) with definite given 
basicity, the fixation of iron is proportional to the concentration of iron in the 
liquor; and (3) this proportionality is not general, since the iron is fixed to a 
much greater degree from the more dilute solutions. 

Effect of Neutral Salts 

In his early work, Fleming arbitrarily set the sodium sulfate content, of 
his iron liquors at 5 per cent. Since sodium sulfate increases the pH value 
of ferric sulfate solutions and retards their precipitation, he investigated the 
effect of increasing concentrations of sodium sulfate on iron fixation. For 
these experiments, the salt content was varied between 4 and 10 per cent. 
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Figure 173 


The procedure otherwise was that stated above. These data are given in 
Table 266 and in Figure 174. 

Fleming points out that: (1) the effect of sodium sulfate on iron fixation 
is not great; (2) with increasing iron concentration, the effect of sodium sulfate 


Table 266. Effect of Sodium Sulfate on Iron Fixation from J Basic Ferric Sulfate Solutions 


% FoaOa on 
Hide Substance 

»---Grair 

4% Nay SO * 

tB Fe?Oa Fixed per 
6 % NftaSO* 

100 GmmB Hide Subw 
8% NaaSO* 

ta nee---- 

10% NajSO* 

5 

4.37 

4.40 

4.33 

4.31 

10 

6 33 

6.07 

5.96 

5.88 

15 

7.17 

7.16 

6.68 

6.58 

20 

8.06 

7.89 

7.67 

7.48 

25 

8.59 

8.25 

7.67 

7.28 
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becomes more pronounced; and (3) that on going from 20 to 25 per cent 
KejtOa, the effect of increasing concentration of sodium sulfate is such that 
less and less iron is fixed, until finally at 10 per cent concentration there is a 
maximum in the curve, showing less Fe 2 0 3 fixed from the 25 per cent concen¬ 
tration than for the 20 per cent. 



PERCENT FE*0 3 ON HIDE SUBSTANCE 

Figure 174 


Effect of Basicity 

Since it was shown that iron fixation by collagen is a function of its con¬ 
centration at a given basicity, Fleming extended his studies to include other 
iron liquor basicities. The procedure was the same as that already outlined 
except for certain modifications made necessary by the range of basicities 
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employed* In order to retard hydrolysis and precipitation, the tan liquors 
were made up containing the requisite amounts of sodium sulfate and ferric 
sulfate and diluted to 50 ml. These solutions were then added to the pickled 
stock in the tanning jars and allowed to stand. After standing, the required 
quantities of sodium carbonate were added in 25 ml of solution and the whole 
mixed quickly. Tanning was for 24 hours after alkali addition. The analyt¬ 
ical data obtained by Fleming are tabulated in Table 267 and are shown 
graphically in Figures 175 and 176. 


Original 

Gramm Foil) 3 

Table 267 

(iraina FeaO-j 




Concontrution 

Fixed pel 100 

Unfixed per ml 
ot Equilibrium 


pU of 

Condition of 

A verag<* 

0 / f o Fey Os on 
Uidp Substance 

Gramm Hide 


Equiltbuum 

Equilibrium 

Shrinkage 
Temp (°C) 

SubHtance ~ t ,'m 

.Liquor — C 

C/j/m 

Liquor 

Liquor 

Hi% 

BliSir 

5 

3.96 

0.00126 

0.000318 

2.60 

clear 

62 3 

10 

5.29 

0.00567 

0 001071 

2 37 

clear 

65.5 

15 

5.72 

0.01080 

0.001890 

2 27 

clear 

69.0 

20 

5.85 

0 01662 

0 00284 

2 11 

dear 

71 5 

25 

f> 88 

0 0219 

0.00372 

2 00 

clear 

70 0 

161% 

Bahic 

5 

4.40* 

0.00114 

0000240 

2 62 

(‘lea 1 

60 2 

10 

6.07* 

0 00471 

0.000752 

2 39 

clem 

65.7 

15 

7.16* 

0.00924 

0 001293 

2 30 

clear 

67.5 

20 

7.89* 

0.01448 

0001831 

2 23 

clear 

66.7 

25 

8.25* 

0.01978 

0.00238 

2 19 

clear 

67 5 

25% 

Basic 

5 

4 38 

0.00077 

0.000175 

2.70 

clear 

62 0 

10 

7 07 

0.00381 

0.000539 

2.13 

clear 

65 0 

15 

8.26 

0 00781 

0 000946 

2 33 

si i>nt. 

66 3 

20 

9 64 

0 01231 

0.001278 

2.27 

ppt. 

69.5 

25 

10.13 

0.018(H) 

0 001774 

2 22 

PPt. 

68.2 

331% 

Basic 

5 

4.73 

0.00063 

0.000133 

2 79 

clear 

60 3 

10 

7.19 

0.00404 

0.000562 

2 50 

ppt. 

64.3 

15 

9.03 

0.00755 

0.000835 

2 39 

ppt. 

65 8 

20 

10.38 

0 01200 

0 001157 

2 31 

ppt 

68.3 

25 10.57 0.01750 

* Average of two determinations. 

0.001654 

2 27 

ppt 

67.3 


Fleming states that his data indicate that the fixation of iron is an adsorp¬ 
tion process dependent on the basicity of the ferric sulfate liquors used for 
the tannage. He further states that it is difficult to conceive of any adsorp¬ 
tion reaction dependent on basicity other than that demonstrated by Cameron, 
McLaughlin and Adams for chrome tanning, in which they have shown that 
chromium deposition is dependent on the fixation of acid by the hide collagen, 
and therefore it is rational to postulate that the mechanism of iron tanning 
is similar to that of chrome tanning. Fleming predicates his assumption on 
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the following factors: (1) iron salts are similar to chromium salts in that they 
are readily hydrolyzable to free acid and a basic salt Fe 2 (S0 4 )3 + 2H a O <=* 
2FeOIhS( ) 4 + H 2 S() 4 ; (2) ferric hydroxide hydrosol is incapable of tanning 
and cannot penetrate the skin; (3) since it is known that iron tanning involves 



PERCENT FetOs ON HIDE SUBSTANCE 

Figure 175 


complete penetration, it cannot be assumed that precipitated iron salts are 
responsible for the adsorption-type phenomenon observed; (4) normal ferric 
sulfate or any other soluble compound, the concentration of which is not 
dependent on basicity and sodium sulfate concentration, cannot be the 
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EFFECT OF BASICITY ON IRON FIXATION 
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Figure 176 
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adsorbed material; and (5) it may be that the collagen fixed a specific basic 
ferric salt, since it is known that adsorption phenomena exhibit definite 
specificities. 

Effect of Organic Acids 

Kanagy and Kronstadt 7 investigated the effect on liquor stability and 
iron fixation of adding various organic acids to pure ferric sulfate. They 
used a reagent-grade ferric sulfate [Fe 2 (S0 4 )3 *II 2 O] containing approximately 
29.5 per cent Fe 2 0 3 and about 56.6 per cent sulfate calculated as II 2 S0 4 . 
Tanning solutions were prepared by dissolving 40 grams of ferric sulfate and 
different amounts of the organic acid in 1000 ml of solution. One hundred-mi 
portions of such solutions were treated with varying amounts of sodium 
carbonate and made up to 200 ml. Table 268 shows the amounts of the 
different organic; acids necessary to stabilize or prevent precipitation of the 
tanning solutions. 


'Table 268. Amounts of Organic Acids Required to Stabilize Iron-tanning Solutions at 
all pH Values in the Range 2 to 6 


A oid 
Acetic 
Lactic 
Citric 

1 lydroxyaeetie 
Gluconic 


Grama acid per 40 k Concentration 

Fes(SOi)3 • HjO m 1000 ml (moles of 

ot Solution acid) 

60.0 1.000 

9.0 0.100 

6.4 0.033 

15.2 0.200 

19.6 0.100 


The tanning properties of such solutions were determined by placing 
in them small pieces of steer hide. Tanning effects were determined by 
visual inspection and indicated a tanning zone in the pH range 2.5 to 4.5. 
These workers noted a slight tanning action throughout the pH range 1.75 
to 5.5, but above or below these limits there was little fixation of iron. 

Kanagy and Kronstadt studied the changes in the pH value of the various 
liquors upon aging. These data are given in Table 269. In general, the pH 
value of the solutions decreased on aging. They found a range of minimum 
stability for the solutions containing organic acids which appeared to be at 
about pH 3.0 to 4.5. These solutions appear to be stable at pH values 
greater than 4,5 or less than 3.0, a behavior which might indicate an ampho¬ 
teric compound. Table 270 illustrates these observations. 

The various tanning solutions wen' also studied by means of electrometric 
titration. For this investigation, 50-ml aliquots of solutions containing 40 
grams of ferric sulfate, plus definite amounts of the organic acid in 1000 ml, 
wore titrated with 1.0N sodium carbonate solution. The results are given 
in Figure 177; they compare data for each constituent used in preparing the 
tanning solutions. It would appear that the addition of the organic acid 
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Table 270. Ferric Hydroxide Precipitated from Iron-tanning Solutions. 


—40 g Ferric sulfate 0 05 % 
mole gluconic acid 
and NaaCOs 

K 

-—40 g Ferric sulfate 0 075-s 
mole gluconic acid 
and NaaCO.i 

g 

-"40 g Ferric sulfate 0 075—> 
mole gluconic acid 
and NaOtl 

K 

pH 

Fe*< >s 

I>H 

FeaOa 

pH 

Fe*0, 

1.5 

0.00 

1.5 

0 

1.7 

0 

27 

0.04 

2.6 

0 

2.5 

0 

3.3 

1.04 

2.8 

0.48 

34 

0.84 

4.6 

2.40 

4.0 

1.24 

4.0 

0.06 

5 8 

1.16 

5.7 

0 

5,3 

0 

6.3 

0.26 

6.0 

0 

10.3 

0 


increases the amount of highly ionized acid in solution, since increased con¬ 
centration of these added acids causes the curves to approach that of the 
sulfuric acid. Citric acid appears to be more effective in this respect than 
lactic acid. Notice should be taken of the curve for the ferric sulfate alone, 



MILLILITERS ION SODIUM CARBONATE 
Figure 177 


since it has a slope of zero at pH 2.7 to 2,8. In this region the iron is com¬ 
pletely precipitated, but when the iron complex is masked by organic acid 
anions, precipitation does not occur. 

Kanagy and Kronstadt suggest an explanation for the increase in titrat- 
able acid at pH values less than 3.0. They interpret this increase on the 
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basis of a change in the hydrolysis equilibrium of the ferric sulfate because of 
the formation of a complex ion between the organic acid and the iron, which 
they represent as follows in the 4 case of lactic acid: 

Fe 2 (S0 4 )a + 2 II 2 0 ^r±: 2 Fe 0 HS 04 + 1I 2 S0« 

FeOHSO* -f- HLa^±; (FeLa)+*S0 4 + 11*0 

These postulated reactions indicate the instability of the basic iron salt, which 
slowly hydrolyzes to form hydrated ferric oxide and is precipitated. On the 
other hand, the addition of an organic acid such as lactic acid causes a lactato- 
iron complex (FeLa) + + to form, which is believed to be soluble. With the 
formation of this complex, the reaction indicated by the first equation will be 
driven further to the right, with the formation of more hydrogen ions. 



Figure 17S 


Minimum stability of the various tanning solutions used was noted in the 
pH zone 3.0 to 4.0, and Kanagy and Kronstadt explained this on the assump¬ 
tion that at pH values less than 4.0, the Fe+ + f ion is cationic and at pH value's 
greater than 4.0, the iron complex (FeLa) ++ becomes anionic, through react ion 
with sodium lactate to form NaFe(La) 4 . The formation of the Fe(La)r 
complex at higher pH values decreases the tanning characteristics of the liquor. 

Figure 178 shows the fixation of iron from the ferric sulfate-lactic acid 
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and the ferric sulfate-citric acid systems over the pH range 1.25 to 7.1. These 
results were obtained by shaking 4 grams of hide powder for 4 hours with 
(iOO ml of solution containing 24 grams of ferric sulfate and 6.3 grams of lactic 
acid or 3.9 grams of citric acid. The pH value was varied by treatment with 
sodium carbonate. Maximum fixation obtained in the pH range 3.0 to 4.0, 
in which zone the basicity varied from approximately 0.66 at pH 3.0 to 1.0 
at pH 4.0. At pH 1.0 to 7.0 only very small amounts of ferric oxide were 
bound. This is in line with expectation, since similar results have been 
obtained for chromic oxide fixation. In the very acid range, the skin is 



acid-saturated and, as shown by McLaughlin and Adams, Ls incapable of 
fixation of the chromic salt. As the pH value is increased, the skin proteins 
become less acid-saturated and are then capable of withdrawing acid from the 
tanning liquor, and the basic iron salt becomes fixed by the protein. The 
low fixation of iron at pH values greater than 5.0 is undoubtedly due to the 
formation of the nontanning anionic iron-lactate complex. Similar data 
have been obtained for anionic chrome tanning. 

Kanagy and Kronstadt investigated the fixation of iron in relation to 
roncentration. In this study, they compared the relative effects of forric 
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sulfate alone, ferric sulfate plus lactic acid, and ferric sulfate plus citric acid. 
Their experimental formulation called for 4 to 30 grams of reagent-grade 
ferric sulfate in 000 ml of solution for each 4 grams of hide powder, for a 
4-hour tanning period, and a hydrogen ion concentration of approximately 
pH 3.5 to 4.25. In the case of the lactic- and citric-acid systems, 1.06 grams 
and 0.64 grams for each 4 grams of ferric sulfate were used, respectively. 
Their data are given graphically in Figure 179. They definitely show that: 

(1) slightly higher iron fixation obtains with lactic acid than with citric acid; 

(2) higher values for iron fixation, in the presence of ferric sulfate alone, would 
have occurred if precipitation of hydrated ferric oxide had been prevented by 
masking. 

Kanagy and Kronstadt also made certain practical tanning experiments. 
For this work they used pickled goat skins or calf skins. Approximately 
300 grams of skin were drummed in 6 liters of a 5 per cent sodium chloride 
solution for 24 hours. To this wtts added 120 grams of ferric sulfate ami 
definite amounts of the organic acid, as shown in Table 271. The necessary 
amounts of sodium carbonate were added to adjust the overall liquor to pH 
2.5. After drumming for some 6 hours, additional sodium carbonate was 
added, and after the system had stood overnight the pH value was adjusted 
to 3.75-4.0, and drumming continued for an additional 6 hours. The skin 
was then washed, fatliquored, dried, sammied and staked. 

The leather so obtained appeared to be of good quality. Its color varied 
from light yellow to brown but tended to darken on exposure to light-. The 
physical and chemical analysis of the leathers are given in Table 271. 


Table 271. Analysis of the Iron-tanned Leather and the Results of the Accelerated 

Aging Tests. 


Skin 

Organic* 

Hide 

Sub¬ 

stance 

Oreuse 

Ash 

Moist ure 


Shrink¬ 

age 

Temp 

Original 

Tensile 

Strength 

Loss m 
Tensile 
Strength 
on aging 

n< 

No. 

Aeiti 

(%) 

{%) 

(%) 

(%) 

i>u 

C C) 

(lbs f in 2 ; 

1 

Citric 

59 9 

5.9 

11 7 

11.7 

3.3 

80 

1850 

20.5 

2 

Lactic 

57.3 

4.7 

19.5 

9.2 

3.7 

74 

1640 

37.2 

4 

(Utric 

58.5 

1.0 

15.4 

9.6 

3.9 

84 

2165 

11.8 

5 

Citric 

61.5 

1.3 

13 8 

9.3 

4 9 

80 

2925 

19.7 

10 

Citric 

58.2 

7.7 

13 4 

7.0 

3.4 

76 

2850 

18 8 

11 

Citric 

60.2 

5.7 

12.0 

9.1 

3.6 

84 

3620 

27.8 

12 

Hydroxy ace tic 

54.1 

9.0 

15.4 

7.9 

3.6 

75 

3875 

35.2 

13 

Citric 

59.0 

6.7 

10.4 

7.6 

4.6 

77 

4895 

31.3 

15 

Citric 

47.7 

21.3 

10.1 

7.1 

4.5 

80 

4425 

31 2 

19 

Gluconic 

55.7 

11.6 

14.5 

10.4 

3.6 


2905 

50.1 

20 

Gluconic 

55.5 

12.7 

76 

10.7 

3.4 

77 

3695 

54.4 

21 

Gluconic 

48.9 

4.7 

12.5 

12.4 

3.0 

90 

2980 

55.2 


Two-bath Iron Tannage 

Several investigators have studied the reaction of the system: ferrous 
sulfate-sodium bichromate-sulfuric acid and its relation to iron-chrome tan¬ 
nage. Frey 4 mentions it in a patent obtained in 1930. Jackson and Hoir’ 
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studied its possibilities; and recently Ruppenthal and Malik 14 made use of 
this reaction in their practical studies. Fleming 3 in 1943 made a detailed 
and critical investigation of the reaction between ferrous sulfate and sodium 
bichromate. This reaction may be represented as follows: 

GFeSG 4 + Na 2 Cr 2 () 7 4- 7H a SO<—>3Fe*(S<M, -f Cr a (SC>4>* + Na*S0 4 + 7H*0. 

The reaction occurs readily at room temperature and without development 
of heat and therefore lends itself nicely to a study of the two-bath method of 
iron-chrome tanning. 

The Ferrous Sulfate-Sodium Bichromate System. Fleming first studied 
Ihe absorption by calf skin of ferrous sulfate from a sulfuric acid and sodium 
chloride solution. Soaked calf skin squares, representing 10 grams of hide 
substance per sample, were agitated with 100-mJ portions of solutions con¬ 
taining ferrous sulfate 2.5 to 15.0 grams, sulfuric acid 0.5 gram, and sodium 
chloride 15 grams. The tanning period varied from 1 to 24 hours. At the 
end of the desired period, the squares were removed, blotted lightly, air-dried, 
ground and analyzed. The data so obtained are given in Tables 272 and 273 
and Figures 180 and 181. 

Table 272. Absorption of Ferrous Sulfate by Calf skin froin Solutions Containing 5.00 
Crams FfiSO* and 150 Crams NaCl per Liter. 


Grams KrS (>4 

-— - -(trams teS (>4 per 100 Grams Hide Substance— -—- 

per liter 

1 hour 

0 horns .» Imars 

24 hour. 

25 

4.00 

4.13 4 12 

4 50 

50 

7.28 

8 JO 7.37 

9.29 

100 

13.14 

15 65 15.56 

16.56 

150 

22.32 

23.17 20.08 

26.17 

Table 273. Two-bath Method Using Ferrous Sulfate First, 

Control Series, 


0 per rent Basicity. 



(Average 

of two determinations) 



Grams toaDa 

(hams C r»( h 


Tune 

per 100 (tinms 
Hide Substance 

per 100 Grams 

Jhde Substance 

Hat to 

(hour*) 

It'iOi (VjOs 

1 

1.71 

0.187 

9.15 

3 

2.02 

0.209 

9.67 

5 

2.07 

0.204 

10.15 

8 

2.09 

0.223 

9.38 

24 

1.96 

0.258 

7.60 


At low concentrations the ferrous sulfate absorption is practically com¬ 
plete in 4 to 0 hours but at higher concentrations absorption continues over a 
24-hour period. 

The skin treated with ferrous sulfate alone is of course untanned and 
therefore it must receive the second bath, of sodium bichromate and acid so 
that oxidation to the ferric state will take place. Fleming studied this 
reaction. Calf skin squares containipg 10 grams of hide substance were 
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Figure 180 
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treated with 100-ml portions of solutions containing 7.5 grams of ferrous 
sulfate, 0.5 gram of sulfuric acid and 15 grams of sodium chloride for a 24-hour 
period. After this period, the squares were removed and wore transferred 
to 50-ml portions of a second liquor containing 7.84 grams of Na^Cr^C^ *2H 2 0, 
50 grams of Nad and 15 grams of JI 2 S0 4 per liter. The oxidation-reduction 
period was 24 hours. However, at the end of 3 hours, the basicity was 
adjusted with sodium bicarbonate so as to obtain several different basicities. 
These data are given in Table 274 and Figure 182. 


table 274. Basicity Adjusted with Solution Containing 100 Grams Nft*C0 4 per Liter. 

Fixation at 24 Hours. 


Ml 

NftjOOa 

Solution 

pH 

30 Minutes 

After NaaCOj 

X 1 inal 

GmniH FeaOs 
per 100 gnis 

Grams Cr-jO* 
per 100 gins 

Ratio 

A tilled 

Addition 

I>u 

Hi do Substance 

Hide Substance 

FeyOs : C'rsO* 

2 

2.00 


2.86 

0.347 

8 24 

4 

2.31 

1.90 

3.88 

0.458 

8.43 

6 

2.62 

2.05 

5.00 

0.522 

9.58 

8 

3.21 

2.05 

5 92 

0.943 

6.28 

10 

3.70 

2.30 

6.24 

1.080 

5.78 

12 

4.51 

2.96 

6.47 

1.400 

4.62 
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FIXATION OF CreOs AND FeeOs BY CALF SKIN 

FIRST BATH : 

75 6M. FtS0 4# 150 GM.NaCl, 5 6M. H t S0 4 PER LITER 
SECOND BATH 

7.84 6M.NA 2 CftfO T 2HjO, 50 6M. NaCl,15 6M. H,S0 4 PER LITER 
ADOITION OF NAjCO, STARTEO AFTER 5 HOURS 
fH VALUES 30 MINS. AFTER LAST ADDITION 


—-o— 


F£ 2 0 3 FIXED 
C« 4 0 3 FIXED 


X 


fh 


FH 




4.31 


3.70 


3.21 




2.31 


pH 




v*"*fH 

zili i 




4.31 

iZSL 


-*fH 

pH 


3.21 

£jsL 


231- 


*';ph 


2.00 


10 


12 14 16 18 

TIME IN HOURS 


20 22 


24 


26 28 


30 


Figure 182 


Just as in chrome tanning, very little actual fixation occurs until the overall 
basicity is increased. 

The Sodium Bichromate-Ferrous Sulfate System. In this series of 
experiments, Fleming reversed his former procedure, using the sodium bichro¬ 
mate first and the ferrous sulfate second. He first studied the absorption of 
bichromate by calf skin; these data are shown in Table 275 and Figures 
183 and 184. 


Table 275. Absorption of Sodium Dichromate by Calf Skin from Solutions Containing 

5.00 Grams H a S0 4 per Liter. 


Oran is 

Na*Cr0 7 • 211*0 


-Grams Or*Oj per 

100 Grams Hide Substance 


per Liter 

1 hour 

3 hours 

5 bouts 

21 hours 

2.50 

0.62 

0.52 

0.85 

1.02 

5.00 

1.86 

1.91 

1.92 

1.89 

7.50 

1.93 

2.46 

2.85 

2.93 

10.00 

2.51 

3.24 

3.78 

3.95 
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ABSORPTION OF SODIUM DICHROMATE 
BY CALF SKIN 

FROM SOLUTIONS CONTAINING 
5.00 GRAMS H*S04 PER LITER 

CONCENTRATIONS SHOWN IN 
GRAMS NA 2 C* e 0 7 - Z H*0 PER LITER 
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In order to obtain 2 grams 0r 2 0 3 absorbed, Fleming found it necessary 
to have a first bath consisting of 5.3 grams NasCJrjOy *2H 2 0 and 5 grams 
H 2 SO 4 per liter. After treatment for 24 hours, the calf skin squares were 



0 2 4 6 8 10 12 

GRAMS NAgCft^r * 2 H t 0 PER LITER 

Figure 184 


transferred to a second bath consisting of 50-ml portions of a solution con- 
taining 24 grams FeS 0 4 , 50 grams NaCI and 15 grams II2SO4 per liter. These 
data are shown in Tables 270 and 277 and in Figure 185. 
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Table 276. Two-bath Method Using Sodium Bichromate First, Control Series, 

0 per cent Basicity. 

(Averages of two determinations) 


Time 

Grams FeaOa 
per 100 Grams 

Grams C'rsOa 
per 100 Grams 

Hide Substance 

Ratio 

(hours; 

Hide Substance 

Fe?Ojj : Cr?0; 

1 

1.80 

0.564 

3.19 

3 

1.95 

0.454 

'4.30 

5 

2.15 

0.550 

3.91 

8 

2.28 

0.605 

3.77 

24 

2.14 

0.598 

3.58 
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One-bath Iron Tannage 

Sodium-Bichromate-Ferrous Sulfate System. Fleming studied a one- 
bath iron-chromium tannage by reducing the sodium dichromate with ferrous 
sulfate before contact with calf skin. He first pickled the calf skin pieces, 
using a pickle consisting of a solution of 5 grams of H 2 SO 4 and 150 grams of 
NaCl per liter. A 24-hour pickling period was employed. The pickled skin 
was drained and placed in a one-bath tan liquor made up of 24.00 grams of 
FeS0 4 , 7.84 grams of Na 2 Cr 2 0/ *2H 2 0, and 18.04 grams of H2SO4 in a liter. 
These reagents were allowed to react completely before use. Adjustment of 
basicity with sodium carbonate was the usual procedure. The data relating 
to this series of experiments are given in Tables 278 and 279 and Figure 1 $ 6 . 


Table 278. One-bath Method, Control Series, 0 per cent Basicity. 
(Averages of two determinations) 



Grams Fe*Oa 

Grams Cr*Oj 


Time 

per 100 Grim 

per 100 Gum 

Ratio 

(hours) 

Hide Substance 

Hide Substance 

FesOa . Or;Oi 

1 

1.43 

0.045 

31.80 

3 

1.50 

0.098 

15.30 

5 

1.54 

0.123 

12.50 

8 

1.60 

0.128 

12.50 

24 

1.49 

0.167 

8.92 


Table 279. Basicity Adjusted with Solution Containing 100 Grams Na 2 C0 3 per Liter, 

Fixation at 24 Hours. 


NusCOs 

Solution 

pH 30 

Minutes after 

Final 

Grams FesOa 
per 100 Grams 

Grama CriO* 
per 100 Grams 

Ratio 

Added 

NatCOi Addition 

pH 

Hide Substance 

Hide Substance 

l'e 2 Oa • Cr*(>, 

2 

1.80 

1.87 

2.16 

0.282 

7.66 

4 

2.18 

2.12 

3.03 

0.355 

8.54 

6 

2.30 

2.22 

3.97 

0.478 

8 31 

8 

2.52 

2.37 

4.73 

0.788 

6.00 

10 

2.74 

2.51 

5.47 

1.060 

5.16 

12 

3.61 

2.82 

6.23 

1.340 

4.65 


Figure 187 graphically compares the data relating to the three different 
sodium bichromate-ferrous sulfate systems already discussed. This graph 
shows that when ferrous sulfate is used first there is a greater fixation of iron. 
It can also be seen that at the higher basicities, the one-bath method and the 
ferrous sulfate first two-bath method give about equal fixation of both iron 
and chromium, while the dichromate first two-bath method gives lower iron 
and higher chrome fixations. It appears rather evident that increasing 
basicity causes the iron to fix at a greater rate than chrome. 

Fleming points out that if the ferric and chrome salts were fixed by the 
hide substance in exact ratio, as represented by the chemical equation, the 
ratio of FeaOa to Cr 2 0 3 fixed in the leather would be 3 :16. He found, how¬ 
ever, that the actual ratio was always distinctly higher, due in all probability 
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to two factors. The first of these factors is the fact that iron salts are fixed 
more rapidly than those of chromium. A careful study of the data so far 
given shows that in the early stages of tanning the ratio may reach some 10 
times the theoretical, thus definitely indicating the more rapid iron fixation. 
The second factor involved is the oxidation of the ferrous sulfate by air, which 
tends to increase the fixation of iron. 



0 £ 4 e 0 10 12 14 16 18 £0 £2 24 £6 20 30 


TIME IN HOURS 

Figure 186 


Theory of Iron Tanning 

The published data show that ferric salts are tanning agents, whereas 
the ferrous salts are not, and that basic ferric salts are very much letter 
tanning agents than normal salts. The best available data extant today 
definitely show that hydrated ferric oxide is not a tanning agent; therefore 
we are forced to consider the tanning action of the iron salts in a manner 
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somewhat similar to that of chromium salts. Cameron, McLaughlin and 
Adams 1 have suggested that the deposition of chrome is dependent on the 
adsorption of acid by hide substance and the deposition of 66$ per cent basic 
chromium sulfate. Fleming suggests a similar mechanism for iron tanning, 
using the same reasoning. 



FINAL f»H OF LIQUOR 

Figure 387 

The fixation of the basic iron salt by hide substance appears to follow the 
same general principles as developed for the fixation of the chromium sate. 
As the pH value of tanning is increased, greater iron fixation obtains, until 
precipitation of hydrated ferric oxide occurs. If, on the other hand, ferric 
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sulfate is not used alone but is masked by some organic acid, such as lactic or 
citric acid, then iron fixation increases to a maximum value and then decreases, 
again following the same principle as for chrome tanning. The masking effects 
of the organic acids or their sodium salts bring about a less astringent tanning 
liquor and one containing both tanning and non-tanning iron complexes. 
Wc can visualize the various complexes from the following series of equations: 

Fe 2 (S0 4 ), + 2IF,()5p±:2PeOHSO« + Ii a S0 4 
FeOHSOi + IILa <FeLa)++SO« + lf a <> 

2(FeLa)++SO« + 211 Lu, (Fe,La.U *t30« + II 2 S0 4 

(Fe 4 La 4 ) f+ S0 4 + 2fILa 2(FeLa ,i° + H a SO, 

(FeLa 3 )° 4* NaLa (FeLa*)" Na 
(FeLa 4 )~ Na + NaLa (FeLa^*" Na* 

(FeLa a )~ Na 2 + NaLa (FeLae) 56 Na 3 

The tanning liquor can very well bo made up of several of these ferric 
complexes; some have distinct tanning power while others are non-tanning in 
character. As the pH value of the iron liquor is increased, the equations are 
shifted to the right and the complexes become more anionic in character. At 
pH values less than 4.0, it would appear that the ferric ion is more cationic, 
while at pll values greater than 4.0 the ferric ion becomes more and more 
anionic in its character. Iron salts are not fixed by hide substance at cither 
low or high pH values. 

If the suggested mechanism of Cameron, McLaughlin and Adams is 
adopted, namely, that the fixation of iron is dependent on the adsorption of 
acid by hide substance, then the question of the nature of the iron compound 
arises. Certain investigators have denied the existence of basic ferric com¬ 
pounds and have regarded them as mixtures of solid solutions whose composi¬ 
tion depends upon conditions of temperature and concentration at formation. 
Mcllor 11 came to the conclusion that for straight hydrolysis of ferric sulfate 
solutions “ho far as chemical analysis can tell, there might be an indefinitely 
large number of products where there is no break in the continuity of the 
process of transformation, by hydrolysis, from pure ferric sulfate to pure ferric 
hydroxide.” Weiser 16 has shown that ferric hydroxide as such does not exist, 
hut such compounds are various forms of ferric oxide with varying amounts 
of entrained water. 

It is rather well known that ferric oxides adsorb considerable quantities of 
sulfate, the actual amounts of which are dependent on concentration, rate 
and other conditions of precipitation. Kolthoff and Sandell 9 have explained 
this condition: “It should be realized that from solutions having an acid 
reaction there will be primarily an anion adsorption. The surface of the 
hydrous oxide attracts the protons (II 1 ") and consequently an equivalent 
amount of anion is adsorbed. Thus, for example, it is found that sulfate, 
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chromate and oxalate are much more strongly adsorbed than chloride, nitrate, 
etc* In addition, the adsorption increases with increasing hydrogen ion con¬ 
centration.” Kraus 10 found that precipitates formed by the addition of 
alkalies, such as KOH, NaOH, NH 4 OH, NH 2 C0 3 , and NaHCCb, to ferric 
sulfate solutions are of variable Fe 2 (VSO s ratio, depending upon the hydroxyl 
ion concentration and that a pH value of 7.7 must be reached before the 
precipitate becomes sulfate-free, 

Fleming in discussing the type of iron salt adsorbed by hide substance 
states: “It should not be inferred that basic ferric sulfate compounds do not 
exist, as there is good evidence in the literature that such compounds do exist 
in solution and may be formed as stable solid products under certain conditions 
of Fc 2 0 3 and SOs concentration. With regard to this, some experiments con¬ 
ducted by the writer have shown that there is a definite maximum at approxi¬ 
mately 30 per cent basicity in the curve relating pH and basicity of ferric 
sulfate solution. This maximum could be interpreted to indicate that a basic 
compound is formed. However, examination of the conditions at which such 
basic ferric sulfates are formed as the stable solid phase (or precipitate) rather 
clearly indicates that they are not the conditions to be found in iron tanning, 
but are conditions of much greater Fo 2 0 3 and S0 3 concentration.” 

Posnjak and Merwin 12 investigated the system Fe 2 0 3 *S(VH 2 0 over the; 
temperature range of 50° to 300°. They have constructed isotherms for each 
of the temperatures studied showing the solid phases in equilibrium with the 
saturated solutions over the entire possible range of concentration. Fleming 
states: “It is somewhat dangerous to try to extrapolate these data from their 
temperatures at 30°, the temperature of tanning. However, the data pre¬ 
sented are such that it appears extremely unlikely that the rather dilute basic 
solutions used in tanning would have other than a-Fe 2 0s'H 2 0 as the stable 
solid phase. This is especially true when it is considered that the liide 
substance adsorbs more acid from the system causing even higher basici¬ 
ties.” 

He further states: “In the above discussion it has been pointed out that 
the solid phase to be expected from solutions of ferric sulfate of concentration 
and basicity such as arc used in tanning is probably a-Fe 2 (VH 2 0 or a-Fo 2 0 3 
with entrained water and adsorbed sulfate. It would seem very probably, 
therefore, that this is the type of compound which is fixed by the skin in iron 
tanning with solutions of basic ferric sulfate, unless, of course, the hide sub¬ 
stance has a specific adsorption capacity for a certain type of soluble basic 
compound.” 

From such reasoning, Fleming suggests that the iron-tanning mechanism 
is the adsorption of acid from the basic ferric sulfate liquor by the hide protein, 
thus causing a deposition of the iron compound, which is probably ferric 
oxide, with varying amounts of occluded sulfate. This suggestion may not 
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obtain, if materials other than pure ferric sulfate, such as organic acids, 
phosphates, etc. are used. 

Previous to 1942 no satisfactory iron-tanned leather had been produced, 
though a rather large volume of literature dealing with iron tannage was 
available. In 1942, due to a threatened chrome shortage, several satisfactory 
iron-chrome tanned leathers were commercially manufactured. Before 1942, 
the principal defects of an iron-tanned skin were such factors as brittleness, 
hardness, and instability to aging. Procter, Jackson and Hou and others 
have explained these seeming defects as being due to oxidation-reduction and 
to the fats and greases used in finishing operations. 

What may be classed as a “good” or “poor” iron tannage is to some 
extent still an open question. The authors believe, however, that if proper 
attention is paid to the scientific principles of mineral tannage a satisfactory 
leather can be produced, especially if combination iron-chromium tannage is 
employed. 

The whole question of iron tannage requires more study, especially with 
regard to the type, character, and stability of the iron complex and its fixation 
by skin proteins. Just as in chrome tannage, the masking effect of the organic 
acids will undoubtedly play an important role in subsequent work along this 
line. 
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Chapter 20 
Alum Tanning 


The use of aluminum salts for the tanning of skins and furs was employed 
by the Romans some two thousand years ago and it was probably used by the 
Egyptians at a much earlier date. Though of ancient origin, this is not a 
true tanning process. The combination of collagen with aluminum does not 
take place nearly as readily as with chromium and the “leather” thus made is 
much less stable. Casaburi 3 states that the quantity of aluminum salts 
absorbed is not sufficient to produce a commercial leather. Since the skins 
are incompletely tanned, their stability toward the action of atmospheric 
humidity and toward water is poor and considerable hydrolysis of the alumi¬ 
num salt absorbed within the fibers will take place, with formation of mineral 
acid. Because of this incomplete tannage, alum-tanned skins may be given 
a retannage with formaldehyde', a syntan or vegetable material. Because 
of the marked difference in tanning, the combination of collagen with alum 
is often called “tawing,” to differentiate it from the more vigorous and stable 
tanning action of chromium salts and vegetable tannins. 

The usual commercial method of alum tanning has been to place bated 
skins in a drum or paddle to which has been added potash alum, sodium 
alum, ammonium alum or aluminum sulfate plus sodium chloride. The 
skins are agitated in this solution for a number of hours and the liquor is then 
carefully neutralized with sodium bicarbonate. After neutralization, the 
skins are removed, allowed to drain for 24 hours, set out, shaved and then 
fatliquored. 

The fatliquoring of alum-tanned skins has always been extremely unsatis¬ 
factory because such skins seem to repel the usual type of oil emulsions 
employed for the treatment of other tannages. In many cases, a paste com¬ 
posed of egg yolk, olive or neats foot oil and flour, is rubbed by hand into the 
flesh side of the skin. After this treatment, the skin is dried and allowed to 
age for some time, after which it must be wet, washed and again allowed to dry. 

In the manufacture of white leathers, the alum-treated skin, before the 
fatliquoring operation or just after removal from the alum liquor, is placed 
in a formaldehyde solution at approximately pH 5.5 and given a retarmage 
for about 2 hours. The skin so treated can now be easily fatliquored if the 
appropriate mixture of oils is employed. Another method is to treat the 
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alum-tanned skins with a rather strong solution of a syntan for about 4 hours. 
The syntan adds its effect to that of the alum and a more satisfactory com¬ 
mercial leather is obtained. 

When aluminum sulfate is dissolved in water, hydrolysis takes place, 
giving rise to a soluble basic salt and an equivalent amount of free mineral 
acid. This reaction may be pictured: 

A)f(SO«)t + 2H,0 5 zt: 2 Al( 0 H)S 04 4- H 2 SG 4 

When a skin enters such a solution, the free mineral acid is taken up and fixed 
by the skin collagen in an amount depending on the pH value of the alum 
liquor. Swelling takes place just as in acid solution. As the free acid is 
fixed by the skin, a further quantity of the normal salt is hydrolyzed, giving 
more basic salt and free acid. As the acid is absorbed, the basic aluminum 
salt is also taken up and deposited upon and in the skin fibers, in a manner 
probably analogous to that taking place in iron liquors. 

Skin tanned with an aluminum salt alone would be thin and hard and would 
be considered entirely unsatisfactory. However, if salt (sodium chloride or 
sulfate) is used in conjunction with the alum or aluminum sulfate an entirely 
different result is obtained. In the first place, the salt acts somewhat as in 
the acid-salt pickle, namely, it represses the acid swelling. Til the second 
place, the salt allows a more basic aluminum salt to be formed, that is, it 
makes possible a higher pH value without precipitation. If the swelling 
action of the aluminum sulfate liquor were not controlled by the sail, little 
tanning would occur, since the tanning action of the alum is much too slow 
to prevent undue swelling. 

Oasaburi 3 points out that a chrome-tanned leather containing 2.5 per cent 
Cr 2 (>3 is not resistant to boiling water and that a (V 2 ( h content of 4.0 to 4.5 per 
cent is necessary. The corresponding amount of AMb to impart boil resistance 
should be 5.0 per cent, and it would bo necessary to add approximately some 
50 per cent alum on the weight of the skins to produce this result. lie further 
claims that the difficulty of obtaining absorption of such great quantities of 
alum by the skin fibers is mainly responsible for unsatisfactory alum-tanned 
leather. 

The Aluminum Complex Ion 

Kiintzel 6 investigated the different behaviors of chromium and aluminum 
solutions. lie reasoned that by studying compounds similar to those of 
trivalent chromium, light might be shed on chrome tanning. Alumiuum 
resembles chromium in that it forms an insoluble colloidal hydroxide and 
complex ions in alum formation and in the crystalline structure of the hexa- 
aquo chloride. When sodium hydroxide is added to chromium nitrate, the 
liquor remains clear until a given amount has been added, when cloudiness 
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results; with aluminum nitrate cloudiness results immediately and steadily 
increases with addition of alkali. Upon standing, this cloudiness disappears. 
Sodium hydroxide added to solutions of aluminum salts causes at first a rapid 
increase in pH value and then only a small, slow rise. The rise in pH value 
is less with aluminum than with chromium, indicating that the former has 
some kind of buffering action. 

With chromium, stable complex ions are often found and are of extreme 
importance. Thus the carbonato complexes formed upon making chromium 
salts basic with carbonates hinder precipitation. In the case of aluminum 
salts, precipitation is inhibited but is of no real importance, since cloudiness 
soon develops and bubbles of carbon dioxide appear. The aluminum- 
carbonato complexes are considered to be very unstable, whereas those of 
chromium are of such stability as to resist, prolonged heating. Similarly, 
the complex aluminum ions formed with many other anions are so unstable 
to alkalies as to render them impractical. 

Neither aluminum nor iron salts given non-meltable gelatin gels. Alumi¬ 
num does affect gelatin, however, increasing its viscosity and raising its melting 
point. Kuntzel states that the solidification by tannage involves the approach 
or felting together of protein molecules, at first isolated, producing a coherent-, 
porous structure. Each tanning chromium molecule must involve at least 
two protein molecules. The fact that aluminum reacts with gelatin without 
producing solidification indicates that the reaction must be fundamentally 
different from that of chromium. Kuntzel believes that the behavior of 
chromium is not. a characteristic sign of mineral tannage. He further points 
out that one should not apply the theory of chrome tannage to that of alumi¬ 
num, as had been done by Wilson. 

This investigator postulates that there is an essential difference between 
chromium and aluminum tannage, namely, the use of a rather large proportion 
of sodium chloride in the latter case, and that aluminum liquors need not be 
made basic. Pelt treated with aluminum salt only shows three character¬ 
istics: (1) great plumping occurs during the tannage; (2) alum-tanned skins 
dry horny and translucent; and (3) alum tannage alters the shrinkage 
temperature hardly at all. The effects of chromium salts are quite different. 
Alum tannage in conjunction with sodium chloride removes the first two 
characteristics but not the third. Kiintzel believes that in alum tanning a 
pickling action is the essential principle, unless some other active component 
is present simultaneously. Alum tanning is not, however, just a pickling 
action, since some aluminum is fixed irreversibly. 

Kiintzel and Konigfeld 6 in their first study of mineral tannage investigated 
the flocculation and cloudiness produced on making chromium and aluminum 
salt solutions basic. They found that these two salts behave quite differently 
on addition of alkali. Small amounts of alkali added to chromium chloride 
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solutions at minute intervals with constant stirring remain clear until a 
definite amount has been added. At this point the solution becomes cloudy, 
and thus has a definite precipitation point. With aluminum chloride or 
nitrate, there is a steady increase in cloudiness with no definite break, and one 
cannot speak of a real or characteristic precipitation poiUt, 

Kuntzel and Konigfeld found that if the intervals between alkali additions 
are still further increased to 24 hours, the cloudiness found after each addition 
has time to be redissolved at the lower basicities in the cases of the nitrate 
and chloride but that a sudden development of cloudiness is evident after a 
certain amount of alkali has been added and these liquors therefore show a 
precipitation point. The more concentrated liquors demonstrate this condi¬ 
tion somewhat better. By this means a solution of aluminum sulfate (0.52 
per cent aluminum) can be made 20 per cent basic without producing a 
permanent precipitate. If this solution is diluted, it will, after a short time, 
form a granular, crystalline precipitate which these investigators suggest 
may be the dihydroxo-tetraquo-aluminum salt 



These investigators point out that it is an erroneous conclusion to relate 
the poor tanning action of aluminum sulfate to the difficulty of making its 
liquors basic; otherwise one would expect to tan with aluminum nitrate or 
chloride as well as with the chromium salts, since these can be made as basic 
as desired. 

Upon making aluminum salt solutions basic, a flocculent, granular pre¬ 
cipitate forms immediately. Ktintzel and Konigfeld suggest that the hydrol¬ 
ysis of an aluminum or chromium salt is different from that of KCN in that 
it does not involve external water and occurs as follows: 

A10U 2 ^=± AlOH- -f II + 

and the hydrolysis constant is: 

K (A3Q11) jl+ ( basic salt) H f 

AlOHi 01 ** Hexaquo-salt 

This type of hydrolysis is characteristic and involves the dissociation of a 
complex bound-water molecule. In the hydrolysis of aluminum and chro¬ 
mium salts, it proceeds in three stages and involves three constants. The 
real difference between aluminum and chromium lies in the fact that upon 
being made basic, the three constants are quite different for the tw*o metals. 
In the case of chromium, the hydrolysis constant for the first stage is much 
greater than for the second or third stages, which are more or less equal. 
Thus on adding alkali to the hexaquo-salt, the first acid group must be 
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neutralized, forming the m onoh y droxo-salt, before the second arid third 
groups are affected. This is indicated as: 

jVr(OIU,Jx„ 4 NaOH —► [ rr (()lt) 6 ] Xl + N,tX 


In the corresponding aluminum salts, however, the three hydrolysis constants 
are approximately equal, which causes the immediate formation of aluminum 
hydroxide upon making the solution basic because of the locally higher pH 
value at the location of the drop; or, in other words, a complete neutralization 
of the three aluminum aquo acid groups occurs immediately. This may be 
expressed: 


AHOII,),X # + 3 NaOH 


* OH 
AlOH (OH*) 
on 


■] 


+ 3NaX + 311*0 


More specifically, it follows that in a chromium solution at the pH value 
corresponding to 33 J per cent basicity, essentially only the monohydroxo- 
salt is present, although the dihydroxo-salt may be present to a very slight 
extent. In the corresponding aluminum salt, the hydroxide is stable at the 
same pH value. Chromium salts are more hydrolyzed than aluminum salts 
in the first stage, so that the chromium solutions are more acid. However, the 
acid formed by hydrolysis of the aluminum salts is adsorbed more avidly by 
the hide proteins because of the weaker tanning action of the basic aluminum 
salts. 

Kuntzel, Bless and Konigfeld 7 in a subsequent investigation relative to 
mineral tannage studied the aging phenomena occurring in basic aluminum 
and chromium solutions. They state that the behavior of aluminum and 
chromium salts in aqueous solution on addition of alkali is governed by 
the hydrolytic decomposition to free acid and basic salt and which can be 
termed primary hydrolysis; this is an ionic reaction, the equilibrium being 
attained quickly. A second factor enters, namely, the nature and maimer 
of the aggregation of the basic salts from this primary hydrolysis to larger 
molecules and the conversion of these to acid-resistant forms. Such processes 
are termed aging. 

The aging changes arc accompanied by a gradual increase in the acidity 
of the solution. This secondary hydrolysis occurs because the basic salts, 
formed by primary hydrolysis, aggregate and as a result tend to become 
insensitive to acids and are thereby removed from the hydrolysis equilibrium. 
The slow hydrolysis can best be followed by titration with alkali and hydrogen 
ion concentration measurements. 

On titrating aluminum nitrate solution, the pH value rises rapidly until the 
basicity reaches 16 per cent and then remains essentially constant. On the 
other hand, titration of chromium nitrate shows a steady rise in pH value. 
Kiintzel, Riess and Konigfeld suggest that these results indicate that chro- 
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mium nitrate is initially more hydrolyzed than the aluminum nitrate and that 
the first stage of the hydrolysis of chromium nitrate is much stronger than the 
second and third stages, whereas with aluminum nitrate the three hydrolysis 
constants are approximately equal. 

It has been noted that chromium and aluminum hydroxides become lews 
sensitive to acids on aging, this effect being more marked with chromium. 
Aging involves the splitting off of water and the formation of large molecules, 
but there is apparently no relation between the size of the molecules and the 
resistance to acids. These investigators found in the course of their studies 
that chromium and aluminum solutions contain, at the same time, molecules 
of various sizes, and that the aluminum particles are smaller than the corre¬ 
sponding chromium particles. They maintain, however, that the differ¬ 
ence in tanning characteristics cannot be attributed to this difference in 
molecular aggregation. 

Stiasny 0 explains these secondary alterations or aging phenomena by 
means of his elation theory which may be expressed as follows: 



f *■ 

/°H\ 

p r (OH 2 )5 

OH 


(H a O, 4 Cr/ yCr(II 2 0)< 



X 'IK) ^ 


Thomas and von Wickelu 11 extended Stiasny\s theory to include yet another 
reaction: 


/Oils 

f + 

,/°\ 

/ \ 

(H 3 O) 4 0r/ \cr(IM)u 


/ \ 

(JbO) 4 <X 

''IK)/ 


\>/ 


and in this manner explained the increase in acidity obtained through boiling 
the solution. This reaction was termed oxolation. Thomas has applied a 
similar reasoning to explain the formation of polymerized compounds in basic 
aluminum salt solutions. Jander 4 suggested the combination of several 
metal atoms by means of an oxygen bridge. He pictured the reaction as 
follows: 

2 > AiOH —> A1—O- -Al < + H,0 

Jander 4 did not take into account Stiasny J s theory of olation because he was 
primarily interested in the reactions of iron and aluminum hydroxides. He 
postulated the formation of meta-hydroxides (FeO-OH and AlO-OH) rather 
than the ol~ compounds formed by chromium. According to the olation 
theory, one might expect as the end product: 
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Jander pictured for the iron and aluminum compounds the meta-hydroxides, 
which may be formulated: 


/OH x /OH N 



Jander further suggested that chromium also gives a meta-hydroxide on 
aging; he pointed out that certain facts support the oxygen-bridge theory for 
iron and aluminum, and the hydroxyl-bridge theory for chromium, and that 
the adoption of one theory is important, since Stiasny’s theory postulates 
that the ol- groups are concerned in the linkage of the chromium and hide 
substance. As to the actual facts, it appears easier to apply Jandcr’s theory 
to chromium than Stiasny’s to aluminum. • It may very well be that aggrega¬ 
tion is olation and that aging may involve the change of ol- compounds to 
oxo- compounds, as 

/ 0H \ 

Me< >Me —Mo—O—Me -f 11,0, 


With aluminum, these changes appear to follow each other with great rapidity 
and cannot be separated, while with chromium the changes are slow enough 
to be recognized as separate reactions. 

Perkins and Thomas 8 in 1937 made a study of the olation of basic chromic, 
aluminum, and ferric chlorides. In summarizing their work, they point out: 

(1) the rate at which aged basic aluminum chloride solutions react with 
hydrochloric acid was found to decrease with increasing age of the solution; 

(2) the velocity of olation increases on increasing the basicity of aluminum 
chloride solution from 20 to 33.33 per cent, other factors remaining constant; 
and (3) the velocity of olation and free-acid formation is less with basic 
aluminum chloride solutions than with corresponding basic chromic chloride 
solutions. 

The Aluminum Sulfate System 

Since the various alums or aluminum sulfates are often used in the leather 
and fur manufacturing industries, a survey of the existing literature is of inter¬ 
est. In 1936, Theis and Schafer 10 began an investigation of aluminum sulfate 





ALUM TANNING 


663 


pickles. They first investigated the aluminum sulfate system in the absence 
of any type of salt. Their experimental procedure was as follows. 

Animal skin properly beamed and bated was cut into small cubes and 
surface-dried. Exactly 50 grams of these cubes were placed in 250 ml of the 
various aluminum sulfate solutions. The solutions contained AhCSO^'lSHiG 
and the concentration varied from 1.0 grams to 100 grams per liter. The 
cubes were pickled for 24 hours, with constant agitation, at room temperature; 
they were then removed from the pickle liquor, drained, surface-dried and 
weighed. The residual liquor was analyzed for A1 2 0 3 , S0 3 , basicity, and pH 
value. The data obtained are shown in Tables 280, 281, and 282 and in 
Figure 188. 


Table 280 


A1s(S0 4 )i- ISHaO 
8/1. 

Ala(SO«)i • 18H*0 
8/250 cc. 

% RHUl 

(swelling) 

G total 
original 
AljOi 

G total 
residual 

A1 ? Os 

(1 total 
original 

SOa 

G total 
residual 
SO* 

1 

0.25 

- 12.0 

0.038 

0.019 

0.090 

0.054 

5 

1.25 

- 2.8 

.191 

.055 

.451 

.156 

10 

2.50 

- 1.0 

.382 

.107 

.902 

.419 

15 

3.75 

+ 1.2 

.574 

.194 

1.352 

.504 

20 

5.00 

4 - 2.2 

.766 

.398 

1.800 

.973 

25 

6.25 

+ 5.0 

.956 

.495 

2.252 

3.136 

30 

7.50 

+ 7.6 

1.147 

.646 

2.703 

1.380 

40 

10.00 

4 - 8.8 

1.530 

.954 

3.602 

1.995 

50 

12.50 

+ 11.2 

1.912 

1.311 

4.509 

2.619 

60 

15.00 

4 - 15.0 

2.296 

1.561 

5.402 

3.011 

70 

17.50 

4 17.5 

2 680 

1.999 

6 308 

3.930 

80 

20.00 

4 15.6 

3.060 

2.328 

7.220 

4.461 

90 

22.50 

+ 16.8 

3.445 

2.676 

8.110 

6.131 

100 

25.00 

4 1 ( 5.0 

3.822 

3.014 

9.020 

5.188 


AIsfSO*)* • 18HaO 

% Initial 
Basicity 

Table 281 

% Final 

Initial 

Final 

Ratio of rrmls Oil to 
mol AlsO* from 

8/1 

Basicity 

pu 

pH 

initial basicity 

1 

- 22.6 

- 16.11 

3.55 

6.91 


5 

+ 0.52 

- 14 26 

3.47 

5.65 

0.032 

10 

4 0 52 

- 13.90 

3.38 

4.22 

.031 

15 

4 0.53 

- 31.65 

3.28 

3.89 

.032 

20 

+ 0.51 

- 6.67 

3.19 

3.86 

.030 

25 

+ 0 55 

- 1.16 

3.15 

3.80 

.029 

30 

+ 1.63 

+ 4.83 

3.12 

3.73 

.095 

40 

4 3.76 

+ 5.50 

3.09 

3.66 

.250 

50 

+ 6.48 

+ 6.83 

3,07 

3.54 

.389 

60 

+ 9.50 

+ 8.34 

3.06 

3.51 

.571 

70 

+ 10.92 

+ 9.49 

3.04 

3.48 

.606 

80 

+ 11.91 

+ 10.37 

3.03 

3.42 

.710 

90 

412.52 

+ 10.70 

3.01 

3.39 

.750 

100 

+ 13.30 

+ 11.80 

3.00 

3.35 

.798 
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Table 282 



Experimental 

Calculated 





Mol SO* 

Mol (3 +x or SOj) 



Comments on 

k/i 

Mol AliOj 

AltO* 

X 

V 

spent liquor 

1 

3.71 

3 4* .48 


0.71 

(very heavy 
white ppt.) 

5 

3.60 

34.43 


.60 

(heavy ppt.) 

10 

3.49 

3 4.42 


.49 

(medium ppt.) 

15 

3.31 

34.35 


.31 

(slight ppt.) 

20 

3.11 

3+.20 


.11 


25 

2.92 

2.93 

0.080 



30 

2.72 

2.71 

.280 



40 

2.665 

2.66 

.325 



50 

2.549 

2.59 

.451 



60 

2.460 

2.50 

.540 



70 

2.501 

2.43 

.499 



80 

2.450 

2.38 

.550 



90 

2 452 

2.36 

.548 



100 

2.442 

2.29 

.558 





ai;so> 3 »h„o g/l 





_ IS _22_ 

_ 32 _42_ J£> _ 

■JfeO..TO- 

_go...,- 

90 IOO 



Figure 188 


The analysis of the aluminum sulfate used in this study indicated a formula 
of AU(OH). 04 ( 804 ) 2 . 90 . It can readily be seen that at the lower concentrations 
more AI 2 O 3 than S0 3 is taken up by the skin, whereas at high concentrations, 
this condition is reversed. At a concentration approximating 23.0 grams of 
AlafSOO** I 8 II 2 O per liter, equal amounts of A1 2 0 3 and S0 3 are adsorbed. 

When more SO 3 is taken up by the skin, the chemical constitution of the 
residual liquor with respect to the AI2O3 and SO» content assumes the relation 
Ala(OH)*(S() 3 ) 3 -.*, whereas for the case of greater adsorption of A1 2 0 3 , this 
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Table 285. Series 3 (Initially 1.9120 g A1 2 0, and 4.5090 g SO, due to Al,(SO«),• 18H,0) 
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relation becomes A] 2 (S0 4 ) 3 + j/H 2 S0 4 . The data show the molar ratio of 
0H/A1 2 0 s and S0 8 /A1 2 0 8 together with the swelling. At low concentrations, 
negative swelling results, but at concentrations greater than 12.0 grams of 
A1 2 (S0 4 ) 8 • 18H 2 0 per liter positive swelling is found. 




0 20 40 60 60 100 


NC ? SO„ - GMS./L 

Figure 189 

In a later study, Theis and Schaffer investigated the AhCSCMd-NaaSO* 
and the AIofSO^-NaOl systems. Their (experimental procedure was the 
same as that already described. These concentrations of aluminum sulfah* 
[A1 2 (S0 4 )3 * 18HjO] were used, namely, 10, 22.9, and 50 grams per liter. The 
salt was varied between 0 and 100 grams per liter. Tables 283 to 288 and 
Figure 189 show the data obtained. 
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Those data indicate a real difference between the pure aluminum sulfate 
pickle and the aluminum sulfate-neutral salt pickles. When aluminum sulfate 
was used alone, more SG 3 than Aid b was adsorbed as the concentration of the 
aluminum sulfate increased. The data show that addition of neutral salt 
to the aluminum sulfate solution causes a greater adsorption of A1 2 0 3 than of 
SO*. Figure 189 gives the data in graphical form and indicates the following 
trends: curved, representing 10 grams per liter of A1 2 (S0 4 ) 3 *18H 2 0, shows 
that there Is greater adsorption of A1 2 0» up to 40 grams per liter of Na 2 S0 4 ; 
curve 2, representing 22.9 grains of A] 2 (S0 4 )rl8H*0 per liter, indicates 
greater adsorption of Aidb by the skin at Na 2 SO } concentrations greater 
than 10 grams per liter; and curve 3 (50 grams per liter of A1 2 (S0 4 ) 3 d8H 2 0) 
shows greater adsorption of SO» than Al 2 (h by the skin at Na 2 S0 4 concentra¬ 
tions less than 75 grams per liter. 

When sodium chlorides was used in place of sodium sulfate, the same trends 
are found, namely, that as the sodium chloride is increased more AI 2 Q 3 is 
adsorbed by the skin. 

If we compare the alum-salt pickling data with those obtained by the acid- 
salt process, we find a distinct difference. In the acid-salt systems, increasing 
salt content not only repressed swelling but also caused increased acid adsorp¬ 
tion. Iri the alum-salt systems, a different, picture is presented. The data 
of Theis and Schafer definitely show that as neutral salt concentration 
increases, more Al 2 (>3 is taken up by the skin than acid. Thus, in contra¬ 
distinction to the acid-salt systems, in which acid adsorption is increased by 
added salt., in the alum-salt systems, added neutral salt causes preferential 
adsorption of the A1 2 0 3 , leaving the residual pickle liquor more acid in char¬ 
acter. Since neutral salts cause such preferential adsorption of the Al 2 03 
(or basic aluminum salt) rather than acid, it may very well be one of the 
reasons why the addition of neutral salts causes increased tanning action of 
the basic aluminum sulfate pickles 

Organic Acid-Aluminum Complexes 

In the case of iron and chromium tannages, organic acids or their salts 
have been shown to be of real and significant value. Numerous investigators 
have indicated the value of adding citrates, acetates, etc., to aluminum sulfate 
systems. In 1935, Wilson, Peng, and Li 13 studied the tanning action of the 
aluminates. They first studied sodium dioxalato-diaquo-aluminate. They 
prepared this compound by precipitating aluminum hydroxide with ammonia 
from aluminum sulfate. Normal aluminum oxalate was then prepared by 
digesting the freshly precipitated aluminum hydroxide with a solution of 
oxalic acid. Sodium oxalate was then added in proper quantity to produce 
the dioxalato- compound. * The probable reaction is as follows: 

A1*(C,0 4 ). H" NiiaCjOi —^ 2NaAl(C 3 0p2 
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Stock solutions of the dioxalato- compound were prepared and standard 
hide powder was tanned in diluted portions of this solution. Their results 
are shown in the following tables and figures. (r< * contmued m v . „ b) 


Table 289. Effect of (Concentration. 


Gm Al*Oa 

__ 

pH value-* 

Mg AbOa fixed 
by 2 gm 

Gm AkOi 
per 100 gm 

Character 
of Tanned 

per liter 

Before 

After 

Hide Powder 

Collagen 

Powder 

0.5 

4.63 

4.59 

7.0 

0.413 

Fair 

1.0 

4.63 

4.52 

22.2 

1.309 

F air 

2.0 

4.63 

4.45 

37.0 

2.183 

Good 

2.5 

4.63 

4.48 

53.6 

3.162 

Good 

5.0 

4.63 

4.46 

79.1 

4.672 

Good 

7.5 

4.63 

4.46 

69.3 

3.890 

Good 

10.0 

4.63 

4.49 

54.4 

3.240 

Good 

12.5 

4.63 

4.42 

51.6 

3.040 

Good 

30.0 

4.63 

4.32 

48.7 

2.870 

Good 


Table 290. Effect of pH Value. 
(Concentration « 5 gm AlaOj/liter. Tune *» 48 hours) 


Initial 

—pi I Value-■> 

Filtrate 

Mg AltOa Fixed 
per 2 gm 

Hide Powder 

Gm AhOs 
per 100 gm 
Collagen 

Character 
of Tanned 
Powder 

3.0 

3.55 

19.6 

1.154 

Poor 

4.0 

4.05 

25.8 

1.540 

Fair 

4.5 

4.50 

44.8 

2.640 

Good 

5.0 

4.91 

180.8 

10.640 

Veiy good 
Very good 
Fan- 

6.0 

5.95 

135.4 

7.980 

7.0 

6.86 

49.4 

2.910 

8.0 

7.75 

9.8 

0.577 

Poor 


Table 291. Effect of NaCl. 

(pll ■» 5 Concentration - 5 gra AM )*/liter. Time * 48 hours) 


NaCl 

(mole/liter) 

pH of hdtrate 

Gm AljOj per 100 
gm Collagen 

Character of 
Tunned Powdet 

0.0 

4.99 

5.26 

Very good 

0.2 

4.77 

4.74 

Very good 

0.4 

4.8 

4.12 

Good 

0.6 

4.68 

4.03 

Good 

0.8 

4.77 

2.98 

Good 

1.0 

4.76 

2.65 

Good 

2.0 

4.71 

3.01 

Good 

3.0 

4.69 

2.86 

Good 


Table 292. Tanning Sheep Skin; Comparison of Various Methods Used for Tanning’ 


Description 
of leather 


^-Both skins 

Fat- P 
liquored 

Homy on 

drving 

soft on 

staking 

stretching 

medium 

pure white 


I solution at— 
0 

No Fat- 
liquoring 

Homy on 
drying 
raggy on 
staking 
stretching 
good white 


Pickled 
Tanned 
without pH 
adjustment 

Resemble 
raw skin 


Pickled 

Tanned 

at 

pH 5 0 

Condition 
is worse 
than no 
pickling 


Aluminatc 

Hetanned 

Pure Alum 
Leather 

Same as an 
alum 
tanned 
leather 


Shrinkage tem¬ 
perature (° C) 


72 


55 


60 


75 
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Table 293. 

Effect of Added Sodium Tartrate 

on Basic 

Aluminum 

Sulfate 

Solution.* 

Hxp. No 

Ai(OH)SO« 
Sola, (cc) 

Mole Ratio 

8alfc to Al 

Grns 

Salt 

Migration 

pH 

Ppt. 

Fig. 

1 

400 

0.00 

0.00 

Cathodic 

3.67 

11.67 

2 

400 

0.25 

11.52 

Anodic 

3.73 

22.50 

3 

400 

0.50 , 

23.04 

Anodic 

3.59 

26.43 

4 

400 

1.00 

46.08 

Anodic 

3.31 

5 

400 

1.50 

69.12 

Anodic 

3.38 


6 

400 

3.00 

138.24 


4.35 



* The concentration of aluminum solutions used here was approximately 0.5N with 
respect to Al. 


Table 294. Tanning Tests. 


Fxp, No. 

1 

Appearance of 
Tanned Hi do Powder 

Gelatinised 

Immediately 

Clear 

Appearance of Solution— 
After i Week 

Clear 

After 1 Month 

Clear 

2 

(Very fluffy) 
(Well tanned) 

(Hear 

Clear 

Clear 

3 

(Very fluffy) 
(Well tanned) 

Clear 

(Hear 

Clear 

4 

(Very fluffy) 

(Well tanned) 

Clear 

Clear 

Clear 

5 

Fluffy 

Clear 

Clear 

Clear 

6 

Soft 

Ppt. of Al(Olf), 
with crystals of 
salt 

Same as be¬ 
fore 

Same as before 


'Table 295. Effect of Added Sodium Acetate on Basic Aluminum Sulfate Solution. 


Molo Ratio 


Kxp No 

Suln (re) 

Salt- to Al 

Gm«. salt 

Migration 

l 

400 

0.00 

0.00 

(Hithodic 

2 

400 

0.25 

3.45 

Anodic 

3 

400 

0.50 

6.90 

Anodic 

4 

400 

1 00 

13.80 

Anodic 

5 

400 

1 50 

17.25 

Anodic 

6 

400 

3.00 

34.50 

Anodic 



Table 296. 

Tanning Tests. 



Appearance of Tanned 

-Appearance of S >1 

Kxp No 

Hide Powder 

i 

m mediately 

After l Week 

1 

Gelatinized 


( Hear 

Clear 

2 

Fluffy 


(Hear 

Clear 

3 

Fluffy 


Clear 

Clear 

4 

Fluffy 


Clear 

Clear 

5 

Soft 


(Hear 

Clear 

6 

Soft 


Clear 

Turbid 


pH 

3.67 

3.84 

3.87 

3.94 

3.23 

3.48 


Ppt. 

Fine. 

11.67 

11.71 

11.07 

11.02 

10.61 

11,02 


After 1 Month 

( Hear 
Clear 
Clear 
Ppt. 

Heavy ppt. 
Heavy ppt. 


Table 297. Effect of Added Sodium Formate on Basic Aluminum Sulfate Solution. 


'*p No. 

Al(OH)S(>4 

Soln. (cc) 

Mole Ratio 
Salt to Al 

Gins 

Salt 

Migration 

pH 

Z: 

1 

400 

0.00 

0.00 

Cathodic 

3.67 

11.67 

2 

400 

0.25 

6.81 

Anodic 

3.87 

14.74 

3 

400 

0.50 

13.62 

Anodic 

3.92 

12.58 

4 

400 

1.00 

27.24 

Anodic 

3.67 

14.70 

5 

400 

1.50 

34.05 

Anodic 

4.20 

12.14 

6 

400 

3.00 

68.10 

Anodic 

4.82 

12.10 
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Table 298. Tanning Tests. 


Appearance of Tanned 
Hide Powder 

Gelatinized 

Fluffy 

Fluffy 

Soft 

Soft 

Horny 


Immediately 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 


-Appearance of Solution - 
After 1 Week 

Clear 
Clear 
Clear 
Turbid 
Heavy ppt. 

Heavy ppt. 


After 1 Month 
Clear 
Clear 
(’lear 

Ileavy ppt. 
Heavy ppt. 
Heavy ppt. 


Total 
Vol (cc) 

150 

150 

150 

150 

150 

150 

150 

150 


I able 299. Effect of Concentration. 


Cone, (gm 

pTI 

AhQa/htcr) 

Initial 

0.50 

5.00 

TOO 

5.00 

2.50 

5.00 

3.00 

5.00 

5.00 

5.00 

7.00 

5.00 

10.00 

5.00 

20.00 

5.00 


Jdl 

Gm AljOa fixed 

Inn a] 

per 10 gm ool 

5.00 

0.485 

4.98 

0.520 

4.89 

0.016 

5.00 

0.734 

5.00 

0.948 

4.97 

0.757 

5.00 

0.704 

4.95 

0.722 


Character 
of tanning 

Fail- 
Fair 
< loud 
Conti 
Good 
(lood 
F air 
Fa jr 


Table 300. 


Total 

Cone, (gm 

pH 

Vol. (cc) 

AljOi/litor) 

Initial 

150 

150 

5.00 

5.00 

3.00 

3.50 

150 

5.00 

3.70 

150 

5.00 

4.00 

150 

5.00 

4.50 

150 

5.00 

5 00 

150 

5.00 

6.00 

150 

150 

5.00 

5 00 

7.00 

8.00 

150 

5.00 

9.00 


Effect of pH Value. 


j>H 

Gm AIjOj fixed 

hmal 

per 100 gm ool 

2 82 

0.857 

3.00 

1.182 

3.68 

1.405 

3.85 

2.680 

4.40 

1 424 

4.98 

0.668 

5.55 

ft 745 

7.55 

0.616 

8.03 

0.704 

8.90 

0.704 


Charimtei 
of tanning 

Horny 

Fair 

Good 

Good 

Good 

Fair 

Fair 

Hard 

Horny 

Horny 


Table 301. 


Tanning 

Mole 


Sheep Skin with 
Ratios of Sodium 


Basic Aluminum Sulfate together with Different 
Tartrate and Sodium Acetate. 


Al(OH)SO< 
Soln (<*c*) 

200 

200 

200 


Moles Tartrate Gm» 

and Acetate to A1 Tartrate 


0.25 

0.50 

1.00 


5.76 

11.52 

23.04 


(irnfi 

Acetate 


3.40 
6 81 
33.62 


Shrinkage Temperature 
(°C) 


Character of Tanning 


81.0 
82 0 
85.0 


Horny 

Horny 

Horny 


on drying; soft on staking; stietching medium: pure white 
on drying; soft on staking; stretching good; pure white, 
on drying; soft on staking; stretching good; pure white. 
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Table 302* Tanning Sheep Skin with Basic Aluminum Sulfate together with Different 
Mole Ratios of Sodium Tartrate and Sodium Fortnate. 


A1«W)H04 

MoIph Tartrate 

Oma 

Ot»B 

Soln, (up) 

and Formate to A1 

Tartrate 

Formate 

200 

0.25 

5.76 

1.73 

200 

0.50 

11.52 

3.45 

200 

1.00 

23.04 

6.90 


Character of Tanning 

Horny on drying; raggy on staking; stretching medium; pure white. 
Horny on drying; soft on staking; stretching medium; pure white. 
Horny on drying; soft on staking; stretching medium; pure white. 



Figure 190. Effect of Concentration, Oxalato Aluminate 


Shrinkage Temperature; 

<°C) 

82.0 
84.0 
84 0 
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Grams AI 2 O 3 fixed per 100 g Collagen Fixation (g Al 2 O?/100g collagen) 


ALUM TANNING 


675 



Figure, 192 Effect of Added Salt, Oxalate Alutniuate 



Concerrlraita/1 gm//rfer /l/gOj 

Figure 193 Effect of Concentration Tartarato Aluminate 
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Wilson, Peng and Li investigated the effect of masking agents such as 
sodium tartrate, acetate and formate on basic aluminum sulfate. They 
prepared a 33.33 per cent basic aluminum sulfate solution by treating normal 
aluminum sulfate with sodium hydroxide. The alkali was added dropwise 



Figure 194 Effect of pll Value Tartamto Aluuunatc 


and with constant stirring. Two hundred-ml portions of the basic* aluminum 
sulfate stock solution were placed in flasks and the calculated quantities »>( 
sodium tartrate, sodium acetate and sodium formate were added. Tin 
precipitation figure and direction of migration of the resulting solutions were 
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determined. Two grama of hide powder were placed in a series of flasks, each 
containing 2(X) ml of the above solutions. After several hours' agitation, the 
hide powder was removed from the solution and visually examined for 
tannage. 

These same investigators studied the tanning action of sodium ditartarato- 
diaquo-aluminate. They prepared this anionic aluminum compound in the 
same way as described for the dioxalato- compound previously described. 
The effects of concentration and pH value are shown in the tables and figures. 

Wilson, Peng, and Li 13 point out that the maximum fixation of aluminum 
in the region of the isoelectric point confirms GustavsorCs opinion, namely, 
that the fixation of anionic metallic complexes is due to the secondary valencies 


Fable 303. Fifty cc of Aluminum Sulfate Solution Treated With 1.0 N Salt Solution. 


(Values given are expressed in pll) 


Vol added 
<«*) 

K 2 SO 4 

IvOl 

NaCl 

Pure HsO 

0 

3.30 

3.39 

3 39 

3.39 

5 

3.54 

3.49 

3 43 

3.40 

10 

3.67 

3.51 

3.45 

3.42 

if, 

3 75 

3.52 

3 47 

3.45 

20 

3.81 

3.54 

3.49 

3.47 

25 

3:86 

3.57 

3.50 

3,50 

30 

3.91 

3.59 

3 52 

3.52 

35 

3.96 

3.61 

3.54 

3.54 

40 

4.00 

3 63 

3.56 

3.57 

45 

4 03 

3.64 

3.57 

3.59 

50 

4 05 

3.66 

3 59 

3.61 


Table 304. Fiity ee of Aluminum Chloride Solution 'Treated With 1.0N Salt Solution. 
(Values given are expressed in pH ) 


Vol added 

M 

K 4 HO 4 


KOI 

0 

4.14 


4.14 

5 

4.18 


4.16 

10 

4.25 


4.17 

15 

4.30 


4.20 

20 

4.35 


4.22 

25 

4.41 


4.24 

30 

4.43 


4.27 

35 

4.44 


4.28 

40 

4.47 


4 30 

45 

4.51 


4.32 

50 

4 53 


4.34 


Table 305. Fifty ee of Aluminum Sulfate Solution Treated with Solid Salt 
(Values given are expressed in pH) 


Equivalents 
salt added 

NuC’l 

Aulivd NjijS(>4 

0.0 

3 39 

3.39 

0.5 

3.31 

3.66 

1.0 

3.20 

3.73 

1.6 

8.U 

3.81 

2 0 

8.03 

3.86 

2.5 

2.99 


3,0 

2.81 




678 


CHEMISTRY OF LEATHER MANUFACTURE 


of the protein, which are at a maximum in the isoelectric zone. Their data 
show a maximum fixation at pH 5.0 for the oxalato- compounds and a maxi¬ 
mum binding at pH 4.0 for the tartarato- complexes. The rise to the maxi¬ 
mum values is very sharp and might point to a shift in the isoelectric point 
due to specific effects of the different salts. Anionic tannage with dioxalato- 
chromiate gives a maximum Cr 2 ()3 fixation at pH 5.0. 

These investigators studied in a practical way the tannage of sheep skin 
by sodium ditartarato-aluminate alone and in the presence of such salts as 
sodium acetate and formate. They found that the ditartarato salt gave no 
tannage whatsoever. They found, however, that in the presence of acetate 
or formate, a satisfactory tannage resulted. They point out that since the 
mixtures are good tanning agents, penetration compounds of high molecular 
weight must be formed. A resume of their practical tests is shown in Tables 
301 and 302. 

Effect of Neutral Salts on Solutions of Aluminum Salts 

In the study of the various alum-salt systems, it was shown that the added 
neutral salt played an important role in the alum tannage. It was further 
postulated, that, since the added neutral salt caused increased Al 2 Os adsorp¬ 
tion rather than increased acid adsorption, the neutral salt effect was very 
important. 

Thomas and Whitehead 12 made a study of the effect of neutral salts on 
the pH value of aluminum salt solutions. Their experimental method was 
to measure the pH values of aluminum sulfate and aluminum chloride solu¬ 
tions before and after the addition of various amounts of KOI, NaOl, K 2 S()i 
and Na 2 S0 4 . For this experiment they used a 0.5 per cent A1 2 0 3 solution. 
Their results are shown in Tables 303, 304 and 305 and in Figure 195. 

Thomas and Whitehead 12 show (curves 1 and 2) that the hydrogen ior 
* activity of the aluminum chloride solution is decreased by both sulfate an< 
chloride ion when present in low concentrations. The same is true of alumi 
num sulfate solutions. The data apparently indicate that the sulfate ion i 
more effective than the chloride ion, but both increase the pH value of th 
solution. Dilution with water also increases the pH value. Solid sodiun 
chloride decreases the pH value, whereas sodium sulfate increases it. 

Thomas and Whitehead believe two factors are involved. The first ha 
to do with the effect of the chloride ion on the basic aluminum salt; this ma 
be pictured as follows; 


rw) 

Had 

+ + + 

fHaO 

OH “I 

\ 

\ / 

H 2 <).A1-H s O 

3C1 

\ / 

11*0— -A1 —-H*0 

LH a O 

\ 

x h 2 o_ 


/ 

_H,0' 

\ 

'HaOj 
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This concept shows the formation of the basic aluminum chloride, the result 
of a coordinated aquo- group releasing a hydrogen ion to the outer solution, 
leaving a hydroxo- group attached to the nucleus. The nucleus of the 
pentaquo-hydroxo~alumini-chloride has now two positive charges. 



Figure 195 


If chloride ions are now added to such a solution, they will tend to replace 
the hydroxo- groups coordinated with the aluminum complex; the hydroxo 
groups thus forced out from the complex will unite with II* ions in the outer 
solution to form water. This may be represented as follows: 


nw> 

OH - 1 

^ + 2C1- 

rH,o 

01 1 

/ 

,, X / 


\ / 

I[ 3 ()-A1-HjO 

/ \ 

/ \ 

H + 4 - Nad 

H,<).A1.-H,G 

/ \ 

/ \ 

LH*0 

H 2 Oj 

Cl- 

Liw) 

H,()j 


In this manner added sodium chloride will decrease the hydrogen ion activity 
and thus increase the pH value of the solution. 

The second factor involved has to do with the removal of water molecules 
from the solvent by hydration of the Na + and Cl" ions. 
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Thomas and Whitehead state that the presence of SO 4 "" ions more or less 
complicates the picture and that there are at least three factors to be con¬ 
sidered. In the first place, there is the tendency of the SO-T ions to replace 
hydroxo- groups of the Werner complex, and this in itself would increase the 
pH value of the solution. The sulfate ions would do this more effectively 
than chloride ions if the penetration order found by Stiasny and Balanyi 0 
holds. This order has been found to be: 

oxalate > acetate > formate > sulfate > chloride > nitrate 

Another factor would be the probability of the sulfate ion uniting with 
the hydrogen ion to form hydrosulfate ion, SO*” + II + <-=± HSCV, which 
would also tend to increase the pH value of the aluminum solutions. 

As in the case of the chloride ion, there is the factor of hydration of the 
ions with a corresponding increase in II 4 activity. When LOW solutions 
were used, only the first two factors entered the picture, namely, the Werner 
substitution and the union of SOT ion with H 4 ion. When solid sodium 
sulfate was added, the factor of hydration did enter, and the total effect on 
the aluminum solution was the net effect of all three factors. Since the first 
two factors cause an increase in the pH value of the solution and the last a 
decrease in this value, the effect of the hydration of the Na 4 and SO*"" ions 
is less than that of the dilute solution in the case of sulfate. 

Theory of Aluminum Tannage 

Cameron and McLaughlin 1 have postulated that cationic chrome tanning 
is a reversible deposition process involving the taking up of acid by the skin 
protein and the deposition of a GG.G6 per cent basic compound regardless of 
the basicity and pH value of the liquor. The existing data relating to alumi¬ 
num tannage would seem to indicate that similar reasoning would apply. 
McLaughlin and Adams and Theis have shown, for chrome tanning, that 
acid-saturated skin proteins will not fix chromium under any known condi¬ 
tions. Similarly, acid-saturated skin will not fix aluminum, since it has been 
found in practice that AI 2 O 3 fixation occurs best at about pH 5.0. 

Wilson and Yu 14 have attempted to apply the reasoning of Cameron arid 
McLaughlin to their studies of basic aluminum sulfate. Their experimental 
procedure was in the main similar to that used by Cameron and McLaughlin 
in their chrome-tanning studies and the reader is referred to Chapter 15 for 
specific details. Wilson and Yu prepared neutral salt-free basic aluminum 
sulfate by treating the normal salt with definite quantities of barium 
hydroxide. The reaction is probably: 

2Alt(B0 4 )s + Ba(OH ) a —*»2A101IHO« + BitS0 4 

They prepared solutions of five different basicities, 0, 11.49, 22.5, 21.8 and 
33.33 per cent. 
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Experimentally, these investigators used 7.0-gram samples of skin in 
110 ml of solution for a 48-hour tanning period. Constant agitation at 25° 
was employed. After tanning, the skin was removed and pressed at 10,000 
pounds per square inch. Moisture, aluminum, nitrogen, and sulfate were 
determined in the tanned skins and aluminum and sulfate in the equilibrium 
solution. 

Wilson and Yu calculated their data similarly to Cameron and Mc¬ 
Laughlin, and concluded that the method used by Cameron and McLaughlin 
to prove that the chrome compound fixed by hide substance is of 66.67 per 
cent basicity is of doubtful validity. 

Cameron and McLaughlin 2 dispute the above statement regarding their 
studies, and point out that the doubts of Wilson and Yu are based upon errors 
of plotting and of calculation. Recalculating and replotting the data of 
Wilson and Yu shows beyond doubt that these errors exist. Cameron and 
McLaughlin further point out that due to the complicated structure of skin 
proteins, the closeness of their 69 points to a common line is noteworthy. 

In Chapter 11 , dealing with pickling, certain data were given relative to 
the alum-salt systems (Figures 101 , 102 , and 103). These data show the 
decided effect of the neutral salt, not only in the repression of the swelling 
but also upon the degree of leathering as indicated by the shrinkage tempera¬ 
ture. They also show that alum-treated skin should be neutralized to a pH 
value greater than 4.5 in order that AI 2 O 3 fixation can take place and thus 
give the necessary cohesive strength. 

Alum tannage, at this time, must be considered in practically the same 
light as iron tankage, Le., much more study is necessaiy relative to the 
aluminum complex and its reaction with skin proteins. Undoubtedly, the 
organo-aluminum complexes play an entirely different role from the inorganic 
ones and a careful study of the anionic systems will yield interesting and 
profitable results. 
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Chapter 21 
Syntans 

Since Kekul£ proved that carbon is a tetravalent element and that in 
organic compounds the atoms are linked together in open-chain and also in 
closed-chain or ring form, tremendous strides have been made in the develop¬ 
ment of synthetic organic chemistry. 

Natural products used for food, clothing, medicine and other necessities 
of life and civilization were investigated. Their chemical constitution was 
ascertained and methods were found to reproduce many of them synthetically. 

Emil Fischer, Karl Freudenbcrg, and Max Bergmann were the great- 
pioneers in the investigation of the tannins. They not only proved the 
chemical constitution of the principal components of some of the natural 
tanning agents, but also worked out methods for their synthetic reproduction. 
They showed that the active tanning components are very complicated 
poly-hydroxy benzoles or polymerides of same. Their colloidal solubility 
and their tanning action are due principally to the presence of a sufficient 
number of phenolic hydroxy groups. The solubility is improved and char¬ 
acteristic tanning actions are caused by the simultaneous presence of carboxyl 
groups. Consequently, if hide substance is exposed to a solution of vegetable- 
tanning agents, it is subjected to the influence of a mixture of molecular 
particles which are graduated from a highly dispersed to a coarsely dispersed 
state, and which are of a weakly acid nature. Since the absorption of the 
tanning agents takes place according to the countercurrent principle, the 
molecular particles are assumed to be discharged and absorbed, beginning 
with those of lowest dispersion and ending with those of highest. 

Because of this, absorption of the tanning agent by the hide substance 
takes place progressively and uniformly; and if the right selection of tanning 
agents has been compounded, satisfactory results as to yield and physical 
properties are assured, if the tanning agent has been applied efficiently. But 
it is obvious that those tanning agents having, in proportion to the size 
of the molecule, the largest number of hydroxy and carboxyl groups and con¬ 
sequently being in a state of highest colloidal dispersion tan quickest, whereas 
those showing poor solubility and coarser dispersion tan more slowly but 
produce greater weight yield. 

Although the chemical constitution of the principal active medium of some 
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of the natural tanning agents was known and was synthesized, it was obvious 
that a synthetic reproduction for practical purposes was out of the question 
on account of the prohibitive cost of the manufacturing process. 

Edmund Stiasny patented September 7th, 1911 (Austrian Patent No. 
58405): “A Method for the Synthetic Manufacture of Tanning Substances.” 
The products manufactured by this process are not in any way related to 
natural tanning agents. However, they react similarly to the natural 
products, inasmuch as they precipitate gelatin, protect the hide substance 
which is treated with them against putrefaction, and produce a leather-like 
material of white color but of poor fastness to light. The hide substance so 
treated does not yield gelatin when heated with water. 

Stiasny's patent claims comprise water-soluble formaldehyde condensa¬ 
tion products of phenol or cresol sulfonic acids and also condensation products 
of phenol or cresol with subsequent sulfonation to obtain water solubility. 

The following equation represents the course of the chemical reaction 
theoretically: 


SOjH 

HaC/ NoH 

-ft 

H 

)()H 

'Wall 



4 IhO 


However, in a practical manufacturing way the course of the reaction is 
somewhat different. For example, commercial cresol is a mixture of the three 
isomers and consequently a mixture of ten isomer dihydroxy-ditolylmethan- 
disulfonic acids can be expected. Furthermore, when II. Schiitte 6 investi¬ 
gated the formaldehyde condensation product of p-cresol-sulfonic acid, he 
found that during the condensation process at least three of the following 
complexes are formed: 



( 1 ) THhydrory-ditoiyl~monomethan-(lisulfonic acid 


Oil OH OH 



HO 3 8 
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(2) Trihydroxy-tritolyl~dimetha n-dimlfonic acid 



(4) Pentahydroxy-pentatolyl-tetramethan-disulfonic acid 


(1), (2), and (4) have been determined definitely by analysis. 

We also find that with decreasing solubility these high molecular com¬ 
plexes become more sensitive to salt and to strong acids and show less dis¬ 
persing properties than the simpler condensation products with a compara¬ 
tively large percentage of sulfonic acid groups. The less water-soluble 
complexes, which are not sufficiently soluble by themselves, are kept in a 
state of colloidal dispersion by the more water-soluble ones. 

All these phenomena demonstrate that in some respects a number of these 
condensation products with tanning properties approach conditions shown by 
solutions of vegetable-tanning agents. 

Since the invention and practical application of these condensation 
products, great strides have been made in the field of artificial tanning agents. 

Although the above mentioned comparatively simple complexes have 
definite tanning properties, the experience gained by practical application, 
scientific investigation and resulting deductions proved that they were 
suitable only as auxiliary tanning agents. Due to the comparatively small 
size of these molecules and their finely dispersed form, they are absorbed by 
the hide substance faster than are vegetable-tanning agents; and, as Carl 
Felzmann 1 showed, the absorption process is a true chemical reaction, i.c., 
the sulfonic acid group interacts directly with the amino group of the hide 
substance. 

The above formulas reveal that with the increase of the size of the molecule, 
the number of hydroxy groups increases while the number of sulfonic acid 
groups remains constant. 

This chain-like formation of highly complex molecules indicates that with 
the decrease of the number of sulfonic acid groups in proportion to the 
increasing size of the molecules, the water-solubility of the compound 
decreases, notwithstanding the increase of the water-solubilizing hydroxy 
groups. 
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According to tests made by Wolesensky, 9 formaldehyde condensation 
products of cresol, sulfonated subsequently, yielded plumper leather than the 
products obtained from cresol sulfonic acid which is subsequently condensed 
with formaldehyde. This observation was quite correct. It is generally 
more difficult to obtain the same degree of water solubility by subsequent 
sulfonation. Consequently, in such a product a larger number of more or 
less insoluble particles are present in the form of colloidal dispersion tfyan in a 
condensation product made from the respective sulfonic acids. Some of 
these dispersed particles may contain only one sulfonic acid group or none at 
all. In the latter case, and if they possess a sufficient number of hydroxy 
and/or other weakly acid groups, they would not interact with the amino 
groups of the hide substance but would react similarly to the phenolic com¬ 
pounds comprising the active medium of vegetable-tanning agents. 

J. A. Wilson 8 expressed the opinion that syntans (auxiliary tanning agents), 
when used in combination with vegetable-tanning agents, diffuse into the 
skin more raj)idly than the latter, attaching themselves to groups in the 
protein molecule that would otherwise fix tannins. The slower-moving 
tannins, not being fixed by groups already occupied by syntan, are then able 
to diffuse farther into the skin, thereby increasing the rate of diffusion of the 
tannins. The protein groups not occupied by syntan combine with the 
tannins all the more vigorously since the pH value of the tan liquor has been 
lowered by the syntan. 

Schafer 6 found that the tanning properties of tanning sulfonic acids 
(syntans) are improved as the acidity (sulfonic acid character) of the com¬ 
pound is decreased. In other words, the tanning properties improve with a 
decrease in the number of sulfonic acid groups in the molecule. 

Kiintzel and Schwank 2 thoroughly investigated the different reaction 
products obtained by gradual sulfonation of phenol and cresol-formaldehyde 
condensates (2 moles to 1 mole formaldehyde). They found that at least 
50 per cent of anhydrous sulfuric acid is necessary to obtain unlimited water 
solubility. In other words, in a dihydroxy-diphenylmctbane compound, at 
least one phenol group must possess a sulfonic acid group. If less than 50 
per cent acid is used for the sulfonation process, the resulting product is water- 
soluble in high concentrations only and precipitates upon dilution. While all 
of the various sulfonation products precipitate gelatin, only those sulfonated 
with less than 75 per cent acid can be salted out. 

In contrast with this behavior all natural tanning agents can be salted 
out and, since the ability to be salted out has been accepted as a measure of 
tanning action, those syntans possessing salting-out properties are considered 
best suited for tanning purposes. The authors demonstrated this action in 
subsequent experiments, and thus explained that the tanning action of the 
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syntans containing sulfonic acid groups is not entirely due to interaction 
between the sulfonic acid group and the basic groups of the hide substance 
but largely to the presence of other specific groups in the molecule. They 
differentiated between auxodepse and depsophore groups. The auxodepse 
or hydrophilic SO 3 H -groups primarily effect the necessary water solubility. 
When a solution of the syntan is brought in contact with hide substance, the 
auxodepse groups of the molecule interact with the basic groups of the protein, 
thereby lowering the aciditj r and consequently decreasing the hydrophilic 
character of the complex. The depsophore groups of the now less hydrophilic 
complex are then enabled to exert their full tanning action. 

Although the assumed depsophore group has not as yet been identified, 
the hypothesis was advanced that it may be a —C* linkage of a 

neighboring phenolic hydroxy group. 

Observations of this kind led to the production of syntans of a more 
complicated nature. 

Newer Syntans 

The phenolic hydroxy groups of the molecules comprising the active 
tanning substances of vegetable-tanning agents are responsible for their 
tanning properties; if the hydroxy groups art; removed, the tanning prop¬ 
erties are removed with them. According to Otto, 3 to possess tanning 
properties, the phenolic hydroxy groups must be present in a non-dissociated 
state, i.e., at a pH below 7.0. From investigations made by Felzmann and 
Otto, it must be concluded that Stiasny is correct when he says the hydroxy 
groups are not combined with the basic groups of the hide substance by 
primary valences. lie assumes that part of tin; hydroxy groups is combined 
with the basic groups of the hide substance by secondary valences, while the 
larger portion is combined by similar valences with the oxygen of the peptide 
group of the collagen. 

Phenols possessing only one hydroxy group cannot react in this way since 
their negative charge is too weak. However, with an increasing number of 
hydroxy groups, the necessary potential can be obtained. By comparative 
potentiometric titration of vegetable-tannin solutions and of various syntans, 
Otto investigated their dissociation properties. The results showed that the 
most important vegetable-tanning agents are half dissociated at pH values 
between 8.0 and 9.0, Of the syntans only those products which are con¬ 
sidered combination tanning agents and exchange tanning agents showed 
dissociating groups between these pH values. The auxiliary syntans, which 
possess a strong acid character and whose pH value is around 2.0, show hardly 
any dissociation in the alkaline pH range. 

From these observations, it can be seen that all those syntans which do 
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not depend solely on sulfonic acid groups for solubility or tanning property, 
but derive these properties also from an accumulation of weakly acid groups 
such as hydroxy, carboxyl, chlorine or nitro groups, closely approach the 
tanning properties of the natural tanning agents. 

In order to obtain products of this kind, resorcinol, xylenol, dihydroxy- 
diphenyl compounds, benzidine, chlor-benzols and other aromatic com¬ 
pounds are used, either alone or in combination with phenol or cresol, as a 
basis for formaldehyde or ketone condensation products. These resinous 
condensation products are subsequently sulfonated tojsueh a degree that just 
sufficient water-solubility is assured. 

However, even these high molecular compounds do not possess a large 
enough percentage of aggregated particles. To overcome this deficiency, 
these products can be recondensed again by themselves or with each other; 
but all these operations tend to increase the manufacturing cost very con¬ 
siderably. Consequently, products of this kind are made for special purposes 
only; namely, tanning agents for the production of white leathers of extreme 
fastness to light. 

Substitutes for Vegetable-Tanning Materials 

For the production of substitutes for vegetable-tanning agents, suitable 
cheaper raw materials must be used. Natural tanning agents do not derive 
their particular tanning properties from compounds possessing practically 
the same chemical constitution, but they are due to a mixture of compounds 
which are more or less chemically related, but whose molecules are of varying 
size and in form of a gradated dispersion. Consequently, a syntan of a 
practically uniform chemical constitution will not produce leather of the same 
quality as one consisting of a mixture of different condensation products whose 
complexes vary in size, have the faculty to aggregate, and show in solution as 
much as is possible a complete gradation in particle size, ranging from the 
finely divided to a more or less coarse state. 

Available natural products most suitable for this purpose are resins, 
(colophony) tall oil, lignin, cellulose sulfite liquors (spruce extract), etc. 
These compounds are condensed with aromatic compounds possessing the 
hydroxy, carboxyl or other acid groups necessary for the required water- 
solubility and the tanning action desired. If sufficiently water-soluble, they 
can be used as such; if not, they are carefully sulfonated or dispersed in 
another suitable sulfonated compound of good water-solubility which may 
act as a tannin or a non-tannin. 

In this way, it is possible to produce syntans which can bo employed for 
practically all purposes. The following theoretical formulas represent the 
principal constituents of some of the newer syntans. 
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(1), (2), and (3) can be used alone for the production of white leathers of 
good fastness to light. They can also be combined with compounds similar 
to (4) in order to impart to them desirable tanning properties. In (4), the 
reaction product of abiotic acid and maleic anhydride is dispersed during 
manufacture in a benzol sulfonic acid-formaldehyde condensate. In place 




8YNTANS 


680 


of benzol, one of its substituted products, or naphthalene or a naphthalene 
compound, can be used. In place of the abietic resin of natural origin a syn¬ 
thetic resin (e.g., urea-formaldehyde) can be employed. 

Classification of Syntans 

The demand for various synthetic products will no doubt increase con¬ 
siderably, particularly when the tanner knows that their use will simplify 
and speed up the tanning process, and improve the quality of the leather. 
In order to enable the tanner to select quickly that syntan which is most 
suitable for the problem on band, some kind of distinct classification is 
desirable, 

Wolesensky 0 has suggested the establishment of two classes: 

“A,” Syntans which are manufactured by previous suifonation and 
subsequent condensation; and 

“B,” Syntans manufactured by previous condensation and subsequent 
suifonation. 

He suggested this kind of classification because of the differences he observed 
in the tanning properties of the two types of syntans. However, as mentioned 
before, the suifonation can be varied in such a way that either manufacturing 
process yields practically the same end results. Moreover, a class <r A” syntan 
may have been converted into a class “B” syntan by dispersing in it unsul- 
fonated condensation products of gradated solubility and particle size. 
A chemical classification seems to be out of the question because of the com¬ 
plicated nature of the present syntans. The only distinct classification 
would be a division into sulfonated and unsulfonated preparations. However, 
such a classification would be of little value since comparatively few syntans 
are available which do not possess a sulfonic acid group. 

A division into benzol derivatives on the one hand and naphthalene deriva¬ 
tives on the other is also impossible, since either group may contain deriva¬ 
tives of the other groups in the form of a dispersed resin or of a simple sul¬ 
fonic acid for dispersing purposes or to act as a non-tannin. 

If physical means are resorted to, the prospects are more hopeful. Stather 
and Herfeld 7 found that syntans containing more or less aggregated and dis¬ 
persed particles show some precipitate in partly or fully saturated salt solu¬ 
tions. It has also been found that strong mineral acids produce a salting-out 
effect which varies with different syntans. A standardized method based on 
these observations may be a feasible basis for classification. 

The classification established by Otto 4 seems to be the most practical one 
at the present time. It is based on the comparative dissociation properties 
in the alkaline pH range of syntans and natural tanning agents. According 
to this method the syntans can be divided into three classes. 

(1) Auxiliary Syntans. All products are included which depend for their 
tanning properties solely on sulfonic acid groups. They are practically strong 
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acids, show pH values of 1.5-2.0 and dissociate very little in the alkaline pH 
range. 

Their solutions are not affected by the addition of strong acids and very 
little, if at all, by salt up to the saturation point. They have practically no 
tendency to aggregate. 

(2) Combination Syntans. All syntans are included which, like the vege¬ 
table tanning agents, possess dissociating groups between the pH range 
8.5-9.0 but show a more or less pronounced second dissociation step at lower 
pH values. This second dissociation is due to the presence of strong negative 
groups (sulfo). 

They are of a considerably less acid nature than the auxiliary syntans 
and arc appreciably more affected by the addition of strong acid and salt. 
This greater salting-out effect is due to the presence of colloidally dispersed 
particles having the property to aggregate. The presence of these molecules 
of larger particle size is the reason for the greater filling properties of this class 
of syntans. 

(3) Exchange Syntans. All syntans are included which show dissociating 
groups between the pH range 8.5-9.0. 

They are weakly acid, possess a favorable proportion of tannin to non¬ 
tannin, and their ash content is low. The latter condition proves a low 
content of mineral salts, which makes an unlimited exchange with vegetable¬ 
tanning agents possible under all tanning conditions. Mineral acids and 
salt exert a strong salting-out effect, which shows the tendency of the dis¬ 
persed particles to aggregate. Since this tendency is equivalent to a simul¬ 
taneous development of adhesion forces, these poly-dispersed particles, 
possessing the necessary potential, can be considered the cause for increase 
in the yield of leather. Some of the syntans belonging to this class combine 
with the above properties the ability to produce full white leathers of excellent 
fastness to light. 

Depending on the class to which a syntan belongs, it may offer to a greater 
or lesser degree the following advantages: 

Avoidance of case hardening. 

Shortening of the tanning process. 

More uniform penetration. 

Lightening of the natural color. 

Increase in tensile strength. 

Better utilization of the vegetable tannins. 

Application of Syntans 

Auxiliary syntans possess a high content of non-tannin and are, therefore, 
not suitable for the use in vats or handlers. They are used as a pretan or 
together with vegetable-tanning agents when drum tannage is feasible. Used 
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as a bleach in place of alkali and strong acids, they, prevent bleeding out, 
supplant excess tannin deposited on the grain surface, and carry it into the 
inner parts of the leather. 

Combination syntans may vary in their composition a great deal. Brands 
which contain a high percentage of non-tannin are not suitable for application 
in vats or handlers. Like the auxiliary syntans, they are used as a pretan or 
a retan, and together with vegetable-tanning agents, for drum tannages. 
Brands with a low percentage of non-tannin can replace efficiently 25 per cent 
or more of vegetable-tanning agents; depending on their chemical composi¬ 
tion, they exert a softening or a hardening effect on the leather produced. 
Since they should be used at their natural pH, the skins should be fully 
delimcd before they are exposed to the action of these syntans. 

Some brands of this class exert a particularly good solubilizing (dispersing) 
effect on difficulty soluble vegetable-tanning materials. For this reason, 
they are well suited to replace a considerable part of the sodium sulfite (or 
bisulfite) usually applied for solubilizing quebracho extract. 

The tanning action of exchange syntans is due to the presence in the mole¬ 
cules of weak negative groups and not of active sulfonic acid groups. The 
number of these weakly acid groups as well as their dissociation properties 
compare favorably with those of the natural tanning agents. Consequently, 
they are absorbed by the hide substance in a similar way and can be exchanged 
with them in any proportion. Depending on the chemical composition, these 
syntans impart a soft or a solid feel to the leather and they may tan slowly 
or rapidly. Their solubilizing action on phlobaphenes is generally good, and 
most of them prevent the formation of mold in the tan vats. 

Summary 

Consideration of the data given leads us to classify the syntans broadly 
into the throe following types: 

(1) Those depending foi their tanning properties mainly on sulfonic acid 
groups. 

(2) Those which depend on the presence in the molecule of weakly acid 
groups, which in addition to the tanning action, impart water- 
solubility. 

(3) Those which represent a colloidal dispersion of resinous substances 
in a suitable medium. Those resinous substances, which may be of 
natural or synthetic origin, possess weakly acid groups in the molecule. 
The dispersing medium imparts the necessary water-solubility and 
may act as a supplementary tanning agent or as a non-tannin. 

This classification, however, is unsuited for practical purposes, since it 
does not indicate the tanning action proper. 
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It appears that only those products are satisfactory substitutes for natural 
tanning agents which consist of gradated mixtures of various sized molecules. 
The molecules must- possess a sufficient number of weakly acid groups by 
which they are enabled to combine with the hide substance in a way similar 
to the action of natural tanning agents. 

With the increase of strong acid groups in the molecule, the hydrophilic 
character of the molecule increases. In consequence of this, the tanning 
action decreases in the same ratio. 

A decrease in the number of strong acid groups increases the salting out 
properties, thereby illustrating the capability for aggregation and the filling 
properties resulting from aggregation. 
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Chapter 22 

Miscellaneous Tannages 

Niedercorn 8 in a recent article classifies in a unique and comprehensive 
manner the elements which might be used for tanning, and this classification 
is therefore given verbatim. “This arrangement of the elements is based 
upon their electronic structure. Elements having similar properties are 
correlated together. Chromium is followed by molybdenum, tungsten and 
uranium. Molybdenum is reduced to the tervalent state with more difficulty 
than is chromium, but the salts of the two metals are very similar and both 
tan very well. The molybdenum oxide corresponding to the green oxide of 
chromium is brown and unlike chromic oxide; it is a strong reducing agent. 
The molybdic acid corresponding to chromic acid is a feeble oxidizing agent 
which, when treated with moderately strong reducing agents, forms intensely 
blue salts. Tungsten is very much like molybdenum, but it is even more 
difficult to reduce. However, uranium is so different that it forms principally 
quadrivalent salts, and of course, it is radioactive. 

“Since iron is one of the strong tanning agents, we think of that next, 
and we find that its congeners are ruthenium and osmium, both of them so 
scarce, that at present they do not promise to be of commercial interest. 

“White salts have the strongest appeal, and the aluminum family is one 
of the most interesting. Unfortunately gallium, indium and thallium are 
rare, and the last-named is very poisonous. Titanium and zirconium are 
relatively plentiful, hafnium and thorium are scarce and the latter is radio¬ 
active. Zirconium and hafnium are scarcely to be distinguished by their 
chemical behavior, but. titanium differs markedly, and in this difference 
between the first and the two succeeding members, the chromium and titanium 
families arc similar. Zinc offers some possibilities, but magnesium seems less 
interesting. Both of these metals have been suggested as tanning agents but 
were not successful commercially. Cadmium oxides and sulfides are colored, 
and mercury cannot be considered. 

“Cerium has been used in tanning and, since it belongs to the so-called 
Tare earths/ all of which have atomic numbers ranging from 57 to 71, its 
ability to tan is of great interest. All of the rare earths are very similar 
chemically and some of them are not very rare. Their salts are mainly white, 
pale yellow, pale red or pale green, so that if they tan, the leathers will be very 
light in color. 
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“Scandium and yttrium both form white salts only, but they too are rare, 
“Silicon has been used in tanning, but its congeners, germanium (rare), 
tin and lead are less interesting, since they form highly colored sulfides, 
“Aside from the rare earths, the elements potentially most useful in making 
white leather are probably aluminum, zinc and titanium, followed by zir¬ 
conium and silicon. 

“Zinc sulfate can be used with Tanak MR in a manner similar to that 
described for alum; it is much less acid than alum, but like alum it causes 
difficulties in fatliquoring. 

“The chemical behavior of zirconium is much like that of titanium, but 
titanium oxide is much better pigment than zirconium oxide; whether or not 
titanium leathers will be whiter than the corresponding zirconium tanned 
leathers is being investigated.” 


Resin Tannage 

The idea of a resin tannage is not new, since many of the so-called syn¬ 
thetic tannages are of the resin type. The materials used for the early 
“syntans” were sulfonated phenols or cresols condensed with formaldehyde. 


OH OH 



CH 2 0 




These materials are water-soluble and are already polymerized or condensed 
to such an extent that little additional polymerization occurs during or after 
the tannage. Many improvements have been made in the production of the 
synthetic tanning materials, and such modifications are discussed at length 
elsewhere in this book. 

The “Neradol” or soluble-resin type of tannage might combine with the 
reactive collagen groups in two possible ways, namely through its reactive 
sulfonic groups or through its active hydroxyl groups. Since this type of 
synthetic tanning material is most reactive in the acid range, it seems probable 
that the reaction is by means of the active acid sulfonic groups. This 
reaction might be pictured: 

—NfV-OsS S(>r + H s N— 



The above reaction would indicate a bridge formation between two 
adjacent collagen chains and should therefore result in increased structural 
cohesive resistance as measured by the shrinkage temperature of the leather 
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produced. Figure 196 shows the shrinkage temperature of leather made by 
treatment with two different synthetic tanning materials. One shows a 
maximum degree of leathering at approximately pH 3.0; the other gives a 
maximum value at pH 5.0. These results were obtained by Theis and Blum, 15 



Figure 196. Effect of two syntans upon shrinkage temperature of leathers produced. 
Dotted lines indicate effect of increased concentration of syntan during tannage. 


using a 10 per cent solution of the tanning material, a 48-hour tanning period 
and a temperature of 20°. The react ion as pictured above is entirely reversi¬ 
ble and must in the main be considered similarly to the titration of a protein 
with an acid having an anion of such a type as to associate itself strongly with 
the protein by means of several reactive groups. 
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Theis ai;d Blum 15 have postulated the reaction between the soluble-resin 
type of “syntan” and collagen as being a linkage of reactive sulfonic acid 



pH 

Figure 197, The effect of phenol absorption upon the shrinkage temperature of collagen. 

groups with charged basic groups of the protein rather than a reaction of the 
hydroxyl groups of the “syntan” with the basic groups of the protein. This is 
indicated when the reaction of phenol with collagen is studied. A 5 per 
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cent solution of phenol adjusted to pH values rangings from 1.0 to 10.0 was 
used. Constant agitation was maintained over a 48-hour period at 20°. 
Curve A of Figure 197 shows that in the pH range 5.0 to 10.0, only the natural 
shrinkage temperature of untanned collagen obtained. However, in the more 
acid zone, actual structural breakdown was indicated. Curve B of Figure 
197 shows the shrinkage temperature of the phenol-treated collagen after 
subsequent treatment with formaldehyde. Since this particular curve is of 
the same general trend as that for collagen treated only with formaldehyde, 
it might be postulated that the phenol interfered in no way with the general 
and specific reaction of formaldehyde with collagen, e.g., few if any of the 
reacting groups of collagen, necessary for the formaldehyde reaction, were 
pre-empted by the phenol. 

The real resin tannage of the future is one that is water-soluble and which 
polymerizes after its penetration into the skin. Whether the subsequent 
polymerization and condensation within the skin can be classed as truly a 
tannage is still open to question, but undoubtedly such a process will have 
interesting application in the leather world. 

Niedercorn lists the following qualities desirable in such a resin tannage: 
(1) it must not change too rapidly during storage; (2) it must be water- 
soluble and its solution should tolerate fair concentrations of salt; (3) it must 
be capable of penetrating into the skin before and during the early stages of 
condensation or polymerization; (4) the catalyst necessary for accelerating 
polymerization or condensation must not injure the skin and it muse remain 
active in its presence; (5) resinification must occur at low temperatures and 
within a reasonable time; (6) the material must be taken up evenly, i.e. } it 
must distribute itself properly in the skin; and (7) preferably it should be 
very pale or water-white. 

Not just any type of resin can fulfill the necessary requirements and much 
fundamental research is necessary before the resin type of tannage can of 
itself be practical. 

The urea-formaldehyde resins have been mentioned by Smith; 31 but in 
this case, the resin was not used as the tanning agent but as an aid in obtaining 
water resistance. The urea-formaldehyde resins are made by treating urea 
with formaldehyde. The probable reactions are the following: 


—C—HN—C—Nil—C—HN- -C—NH—C— 



Ha 

A H ’ 

A * 




or 



nh 2 

1 


NHCIbOH 

1 

HNCHa-N 

1 j 

• 011,011 

(T-0 + 

2CH,0 — 

~>0--0 —> 

(Wo o 

-0 


NHj 


Nil-0112011 


HN—CH,—N -CHiOH 
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It is very probable that a mixture of the two types of cross linkage occur. 
So far as the authors are aware, but little use has been made of this type of 
resin as a tanning agent. 

Niedercorn 8 has discussed the use of the melamine-formaldehyde resins in 
the tanning of leather and has indicated that these materials hold some 
promise. 

The starting point in the manufacture of the melamine-formaldehyde 
resin is calcium carbide. The carbide is then converted into calcium cyana- 
mide, cyandiamide, dicyandiamide and then into melamine. The reactions 
are indicated in the following equations. 


CaCjt +■ N s —OaNCN + C * 
OaNON + Hj() C() 2 —H*NCN + CaC O* 

Nil 

II H 

2H 2 NON —^ }I,NC -NON 
NH 2 



II 

N -CH>OH 


The methylol melamines upon acidification condense to white resins and the 
suggested mechanism is as follows: 



Niedercorn describes melamine as a base, comparable in strength to 
pyridine but sparingly soluble in water. The trimethylol melamine is 
described as considerably more soluble and is comparable to aniline in basicity. 
Due to this basicity, the trimethylol derivative is capable of combining with 
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acids, and excessive amounts of acid will keep the resin in solution. Nieder- 
corn recommends two procedures for the use of the melamine resin as a 
tanning agent, the one to add the resin solution to pickled skin, and the other 
to add the resin solution to bated or depickled skin. If it is added to pickled 
skin, care must be taken or complete penetration of the skin will not occur 
previous to the resin condensation. If it is added to depickled skin, rapid 
penetration takes place and upon acid addition condensation occurs. 

Graves 2 has patented a resin material for the tannage of skin into white 
leather making use of a polymethacrylic acid. Graves states, “The conver¬ 
sion of skins into leather is accompanied by profound changes in their physical 
characteristics. They become opaque and a distinct fibrous structure 
becomes apparent.” Graves advocates the introduction into the skin of an 
acidic polymerization product of methacrylic acid and then decreases the pH 
value in order to accelerate the fixation. Acidic polymerization products of 
methacrylic acid react- chemically with certain reactive groups of the skin 
through the free carboxylic groups. Graves defines polymerization in this 
case so as to include polymerization of methacrylic acid with itself as well as 
inter-polymerization of the methacrylic acid with other materials. 

Methacrylic acid can be manufactured by two methods: the cyanide 
method and the phosgene method. The following equations illustrate the 
preparation of methacrylic acid. 


OH 3 


OH 3 


OH 3 


OH 


CHa Oil 


CO + HON■ 


CII 2 


\ 


O 


no n 


' \ HOI ' 

<:h 3 ' Cn oh/ "coor 


on, 

CAly-h— C’OOll 


or 


ClU’l 


ROH 


OUj—CH + 01 2 CO—>CH, t -OH -00(1 

OH 2 

OiI 3 -i'-COOR 


CHoOl 

^ OH a— 1'H —OOOR - 


By internal condensation the methacrylic acid will form a polymer such as: 

—(UI 2 —("R'—CH 2 —OR'—C11 2 - -(<R'~ 

(^OOH iooil OOOH 

The reaction of this type*>f resin would in all prol>ability be different from 
that of the melamine resins, since it contains active acidic groups capable 
of reacting with basic groups of the skin protein. The leather made by the 
use of the polymethacrylic acid has a high shrinkage temperature and can 
therefore be considered as an active tanning agent. 
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Phosphate Tannage 

In 1937, Wilson 17 postulated that long chain phosphates would combine 
chemically with collagen to form stable leather and that the vigor of combina¬ 
tion would be increased by lowering the pH value from 5.0 to 2.4. 

In his studies on phosphate tannage, Wilson first considered trisodium 
phosphate. However, since the phosphate anion is negative over a large 
pH range and has the electron configuration shown below, 

: O : 

: O : V : O : 

: <) : 

it becomes a powerful donor of electrons over a wide range of pH values; 
further, since all the atoms of this anion are electron-saturated, polymeriza¬ 
tion of trisodiurn phosphate is not indicated. 

Wilson then turned his attention to the simplest member of the series, 
namely, sodium metaphosphate, which can be represented as follows: 

Na 
: () : 

P : O : 

: O : 


A compound of this type should readily lend itself to polymerization, since a 
donor oxygen atom of one molecule may share a pair of its electrons with an 
acceptor phosphorus atom of another molecule. Molecules of great size 
might occur in $uch a system of polymerization. 

Polymeric sodium metaphosphate was first studied by Thomas Graham 
and is commonly known as Graham's salt. It may be produced in the labora¬ 
tory by fusing monosodium orthophosphate and rapidly cooling the melt. 
The formula for the cooled mass is generally written (NaP0 3 )*. 

Wilson's work with the tanning action of the polymeric metaphosphates 
dealt with a commercial compound known as “Calgon.” The analysis of the 
Calgon glass used by him was as follows: 

Na*0. 32.1% 

P«0* 00.8% * 

Na, 2 SO*. 0.2% 

Nad. 0.1% 

The proportion of Na 20 to P 2 O 5 corresponds to a hypothetical sodium hexa- 
decaphosphate, Na 20 (NaP 0 3 )j 6 , but since no such compound is known, 
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Table 306. Effect of Tanning Time and pH Value of Oalgon Flakes Solutions upon the 
Combination of Phosphate with Cow Hide, 


100 lbs bated weight of cow hide treated with 5 lbs Fatliquor in 35 gals water and 100 lbs 
Calgon Flakes in 73 gals water for lengths of time and at pH values indicated. Values m 
the table represent parts of constituent per 100 parts of hide substance. 


Tanning time in hours 

4.00 

8.00 

12.00 

24.00 

48.00 

72.00 

At pH value *» 2.5 : 

Fat 

6.00 

7.47 

7.91 

8.05 

11.26 

10.74 

Water-sol uble matter 

20.45 

24.74 

22.39 

20.34 

23.88 

26.32 

Total P 2 O a 

16.98 

18.86 

17.70 

16.31 

18.67 

19.75 

Combined PaO* 

5.97 

6.12 

6.09 

5.82 

5.75 

5.80 

At pH value - 3.0 : 

Fat 

10.09 

10.03 

10.64 

11.30 

8.02 

7.33 

Water-soluble matter 

22.45 

27.32 

25.71 

29.73 

26.03 

30.29 

Total P 2 0 5 

17.01 

19.79 

20.32 

22.00 

21.69 

19.82 

Combined P a O* 

4.96 

4.72 

5.41 

5.81 

5.90 

5.67 

At pH value * 3.5 ; 

Fat 

8.00 

7.50 

11.30 

9.82 

11.47 

8.05 

Water-soluble matter 

19.61 

22.06 

26.86 

22.02 

25.60 

27.08 

Total P»0 & 

33.21 

15.57 

18.61 

15.63 

18.28 

18.89 

Combined lV>c 

3,05 

4.29 

4.25 

4.20 

4.30 

4.40 

At pH value « 4.0 : 

Fat 

9.49 

10.20 

9.97 

11.64 

12.42 

12.77 

Water-soluble matter 

18.32 

20.38 

20.24 

22.51 

25.57 

26.70 

Total P 3 O 5 

12.62 

13.74 

13.99 

15.31 

17.86 

17.45 

Combined IV)& 

2.74 

3.14 

3.10 

3.12 

3.34 

3.37 

At pH value 4-5 : 

Fat 

12.27 

9.92 

10.13 

11.01 

10.00 

9.32 

Water-soluble matter 

19.08 

18.28 

20.52 

18.44 

17.44 

21.23 

Total IV E 

12.06 

11.63 

13.37 

11.82 

11.04 

14.01 

Combined P^Og 

1.59 

1.94 

1.96 

1.88 

3.99 

2 03 

At pH value «• 5.0: 

F at 

10.19 

9.23 

10.54 

12.13 

13.77 

9.23 

Water-soluble mat ter 

20.53 

16.77 

18.10 

21.93 

20.76 

19.64 

Total P 2 0 6 

11.79 

10.01 

10.63 

12.90 

13.12 

12.60 

Combined P 2 0& 

1.33 

1.31 

2.13 * 

1.19 

1.21 

1.15 


Table 307. Effect of Concentration of Calgon Flakes upon the Combination of Phosphate 

with Cow Hide. 

100 lbs bated weight of cow hide treated for 24 hours with 5 lbs Fatliquor in 4.5 gals water, 
the indicated number lbs Calgon Makes in 5 gals water and sulfuric acid in 0.5 gal water 
to lower pll value to 2.9. Values in the table represent parts of constituent per 100 parts 

of hide substance. 


Lbs Calgon Flakes 

1,00 

2.00 

4.00 

6.00 

8.00 

10.00 

Fat 

19.10 

18.52 

14.27 

16.45 

18.88 

9.81 

Water-soluble matter 

4.79 

5.89 

7.50 

35.42 

16.02 

14.26 

Total PaO& 

5.27 

7.32 

9.09 

10.05 

12.48 

11.62 

Combined IV>& 

4.65 

5.76 

6.34 

5.58 

5.58 

5.62 



Grass P^O g 0cabined with 100 Grams Hide Substance 
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pll Value of Calgon Liquor after Tanning. 

Figure 198. Showing fixation of phosphate by cow hide from Calgon Flakes solutions 

as a function of pH value 

• 

Wilson pointed out that it is more reasonable to consider it rather as a mixture 
of polymeric sodium metaphosphate and sodium orthophosphate. Wilson 
pictured the polymeric metaphosphate as follows: 

: O : : 0 ; : O : : O : : O : : O : 

P : () : P : O : P : () : P : O : P : () : P : O :. 

: O : : O : : O : ; O : : O : : O : 

Na Na Na Na Na Na 


Since the molecule is a large one, Wilson represented the tanning action as 
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the polymeric metaphosphate linking several protein units together in an 
electrovalent manner, the vigor of combination increasing with decreasing 
pH value. Wilson represented the inetaphosphate tannage as: 



H 

O : 


H : 

O 


H 

o 


H 

N : 

C 

C : 

N 

O : 

c 

N : 

C 

c 

N 

C : 

II 

H 


H 

H 


H 

H 


II 

11 

0 : 


: 0 : 


: O : 


: O : 




: O : 

P : 

() 

: P ; 

O 

: P : 

() 

: P : 

O 

: P : 

O 

: P : 

O : 


: O : 


: O : 


: O : 


: () : 


: O : 

Na 


Na 


Na 


Na 


Na 


Na 


In his studies Wilson investigated the effect of tanning time, pH value and 
concentration upon the phosphate tannage. His results are shown in Tables 
306 and 307 and in Figure 198. These data show the tanning time to be 
between 8 and 12 hours and the best pH value to be approximately 3.0. 

Wilson claimed that the outstanding characteristics of Calgon-tanned 
leathers are pure whiteness, phenomenal resistance to abrasion and to tearing, 
and great tensile strength. However, it is well known that skin tanned with 
rnetaphosphates dries hard and loses its whiteness. Wilson has pointed out 
that Calgon-tanned leather has a relatively low shrinkage temperature. 
Theis and Blum 15 investigated the shrinkage temperature of Calgon-treated 
skin; they found that the highest shrinkage temperature occurred when the 
skin was tanned at- pll 3.0, but that the shrinkage temperature was rather 
low; thus they concluded that Calgon was not a complete tanning agent. 
Their results are shown in Figure 199. 

Lindner 6 claims to have been the first to establish the so-called tanning 
action of polymeric anhydrous phosphates. KuntzeP in 1937 noted that 
polymeric rnetaphosphates did not- give a true tannage when combined with 
animal skin, in that the leather dried out “horny.” Riess 9 found that the 
use of sodium chloride or sulfate in conjunction with the met-aphosphate 
helped materially in this regard and classified this treatment as being inter¬ 
mediate between an aluminum salt treatment and a true mineral tannage. 
Riess further found that hide powder absorbed or bound 0.930 milliequivalent 
HPOa per gram of collagen, which is well in line with the acid-binding power 
of hide powder. He therefore concluded that the combination occurred 
between the acid and the available amino groups. Lindner criticizes this 
conclusion, pointing out that not the free acid but an acid salt of the polymeric 
acid is used, and that a part of the metal is complexly bound in the polymeric 
phosphate in a non-ionogene form. Lindner studied the tanning action of 
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the hexametaphosphates. His experimental procedure was the following. 
The equivalent of two grams of bone-dry, lightly chromed hide powder were 
shaken for a period of 24 hours with 100 ml of hexametaphosphate solution. 
The solution contained one gram of phosphate per 100 ml. The pH value of 
the phosphate solutions was varied from 1.43 to 7.77 with formic acid or 



Figure 199. Effect of Oalgon tannage upon shrinkage temperature of leather produced. 


sodium hydroxide. After the tanning period, the hide powder was removed, 
washed free of soluble phosphate, dried and analyzed. Lindner's data are 
shown in Table 308. 

Table 308 


Tanning 

Tanning take-up (anh) PaOt 

pH (%) (%) 

1.43 1.55 1.05 

1.76 1.68 1.12 

2.15 2.13 1.38 

2.25 2.37 1.61 

2.49 3.52 2.42 

2.71 2 31 1.47 

3 09 1.48 0.98 

3.55 1 35 0.57 

4.50 0 98 0.35 

7 77 4.95 0.12 


These data show that a maximum value for tanning, as measured by the 
absorbed or bound P 2 0.», was obtained at pH 2.49. On either side of this 
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particular pH value, P 2 0& binding drastically decrease*! In another series 
of experiments, the hide powder was treated with the hexametaphosphate 
solution at pH 2.5 for some 20 hours and the pH value was then increased by 
the addition of sodium hydroxide. An additional 4 hours was allowed for 
this neutralization reaction to attain equilibrium, and the tanned hide powder 
was then analyzed. The data are shown in Table 309. 


Table 309 


Equilibrium 

pH 

Tanning 
take-up (unh) 

(%> 

1V)» 

(%) 

2.45 

3.58 

2.38 

3.55 

1.78 

0.62 

4,60 

1.08 

0.40 

7.95 

5.15 

0.13 


These data indicate that, when the metaphosphate solution is adjusted 
toward the end of the reaction, the P 2 0„ fixation is about the same as when the 
whole period of contact is at that particular pH value. In other words, the 
neutralization reaction reversed the fixed, water-resistant P 2 0.>. In another 
series of experiments, lightly chromed hide powder was tanned with increasing 
amounts of metaphosphate at the optimum pH value. These data are shown 
in Table 310. 

'fable 310 


Meta phosphate 

Tunning 


UBCll 

take-up (anh) 

IV >* 

<%) 

(%> 

(%) 

1.0 

1.52 

0.99 

2.0 

2 05 

1.30 

3.0 

2.39 

1 57 

4.0 

2.64 

1.71 

0.0 

3.25 

2.13 

7.5 

3 51 

2.31 

10.0 

3 52 

2.30 

20.0 

3.92 

2 50 

50.0 

3 78 

2.38 


These data show that the P 2 O 5 fixation increased up to some 7.5 per cent 
metaphosphate given and then remained essentially constant. In still 
further work, Lindner investigated the effect of pH value and constant meta¬ 
phosphate concentration on unchromed hide powder, with results given in 
Table 311. 

Table 311 


Equilibrium 

PiO. 

pH 

<%> 

1.61 

2.91 

2.09 

4.01 

2.45 

6.37 

2.71 

5.01 

3.25 

3.69 

4.95 

0.51 

6.90 

0.12 
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Thus it can be seen that the P 2 0» fixation increased to 6.37 per cent at 
pH 2.45, as compared to 2.42 per cent using chromed hide powder, which 
indicates that even the slight chroming of the hide powder blocked certain 
reactive groups and lessened the P 2 0,> fixation. 

Lindner goes on to state that since the hexametaphosphate must be con¬ 
sidered to be an anionic tannage, its reaction with the free amino groups 
of the collagen supports the auxiliary valence theory of chrome tannage. 
Lindner made a series of practical tests, but for these experiments used a 
commercial metaphosphate material known as “Goriagen.” Bated calf 
skins were treated with 5 to 20 per cent of the material in the presence of 0.75 
to 3.0 per cent of salt. The tanning liquors were adjusted to pH 2.4-2.5 
toward the end of a 6-hour tanning period. After standing overnight, the 
tanned skins were washed, fatliquored and finished. A very white, thin 
leather resulted, which had a fine, compact “grain” and contained 2.5 to 3.0 
per cent absorbed tanning material, or 1.6 to 1.9 per cent P 2 (L based upon 
the dry, degreased weight. In still another series of experiments, Lindner 
tanned bated calf skins in a manner similar to that already described but 
finished the tannage at pH 4.0 to 4.2. This leather had a better feel and more 
fullness than that tanned at pH 2.5. 

Lindner 8 investigated many different combination tannages utilizing 
“Coriagen.” A coriagen-silica tannage was studied, and it was found that 
the silicic acid loading gave a fuller leather. Combination phosphate-chrome, 
phosphate-alum and phosphate-iron tannages were investigated. For the 
data relating to these various combinations, the reader is referred to the 
original literature. 

In American practice hexametaphosphate tannage alone has not thus far 
yielded a good commercial leather. Used in conjunction with chromium 
salts, aluminum salts, formaldehyde, and vegetable-tanning materials, satis¬ 
factory leather has been made. Oalgon glass can be used as an adjunct quite 
efficiently in vegetable tanning, since a pretannage with the metaphosphate 
causes much more rapid penetration of the vegetable-tanning extract into 
the hide or skin. Commercial use of the material in this way has been 
accomplished and should be of real interest to the sole-leather tanner. 

Tungsten, Molybdenum, and Vanadium Tannage 

Kiintzel, Riess and Erdmann, 4 and Kuntzel and Erdmann 5 have made a 
study of tungsten, molybdenum, and vanadium polymers as tanning agents. 
In 1938, these investigators studied acidified solutions of sodium tungstate, 
Na 2 W0 4 . They pointed out that, whereas the degree of aggregation of chro¬ 
mium solutions made basic and aged varies continuously, the degree of aggre¬ 
gation curves of acidified polytungstic acid solutions show discontinuities. 
In the alkaline zone above pH 8.0, mono-tungstate ions are stable and pre- 
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dominate. In the pH zone 6.0-8.0, a transition zone exists and particles of 
various sizes appear to occur. At pH values less than 6.0, hexatungstate in 
the form of an acid salt preponderates. When acid is added to tungstate 
solutions, free tungstic acid, or an acid tungstate, is formed. After a definite 
acidity has been reached the acid tungstate ions interact, forming polyacids 
or white gelatinous tungstic acid. The polymerization of the acid tungstate 
ions is quite similar to that of the basic chromium salts, namely, two OH 
groups of two metal complex ions interact; 


Oil OH OH OH 

\ / \ 

NaO—\V~ -Oil + OH- W ~<>Na 

/ \ / \ 

OT1 OH OIL OH 


OH OH OH OH 

NaO——<)■—— W—ONa 

/ \ / \ 

Oil OH OH Oil 


'Hie pTI value of the solution increases because acid groups disappear. The 
polymerization process is very rapid, and is practically complete at ordinary 
temperatures in a matter of a few days. 

When 1.5 or 1.6 moles of acid are added for each mole of Na 2 W0 4 the 
course of aging is somewhat different, since the acid addition leads to a 
local excess of acid and thus to the formation of unstable polymers, e.g. f 
Na(H 5 WAi, Aq.), which then depolymerize and gradually form new and 
more stable aggregates. Possibly even larger aggregates are formed with 12 
or more tungsten atoms. When more than 1.6 moles of acid are added, the 
aging process is again normal. They state that, unlike the basic chromium 
salts, whose aggregates are of one type and differ only in the size of the 
aggregate, tungsten polymers of the .same size may differ in structure. Again, 
the chromium aggregate can be changed from a lower to a higher degree of 
aggregation by simply increasing the basicity. The tungstates do not aggre¬ 
gate to an unlimited extent simply by a change of basicity. 

In 1938, Kuntzel and Erdmann 6 further studied the isopoly acids of 
tungsten. This work was concerned with the establishment of the degree 
of aggregation which is necessary for a true tanning action. They first 
studied the precipitation of gelatin by the tungstic acid preparation. Pre¬ 
cipitation was taken as a sign of tannage. For their experiments, KUntzel 
ct ah stirred a one per cent gelatin solution with an equal volume of acidified 
and aged 0.1 A Na 2 W0 4 solution. Precipitation occurred as soon as the 
metatungstate condition obtained, namely, with 1.5 equivalents of acid per 
mole of tungstate and a pH value of 6.0; but even here a ten fold excess of 
tungstate solution was necessary for precipitation of the gelatin. A much 
lower pH value was necessary when equal volumes of gelatin and tungstate 
solution were employed. These data are shown in Table 312. 

Kuntzel ct al. state that the behavior indicated by their data resembles 
that of vegetable tanning. They further point out that the fact that the 
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Table 312 


Ratio N as WO* to 
acid o IN 
tungstate 

pH value of 

Precipitation of 
mixture containing 

1 : 1 gelatin and 

solution 

solution 

tungstate solution 

1 

0 

7.70 

- 

l 

o.t 

7.37 

— 

1 

0.2 

7.25 

- 

1 

0.4 

7.15 

— 

1 

0.6 

7.05 

- 

1 

0.8 

6.97 

— 

1 

1.0 

6.85 

- 

1 

1.1 

6.80 

- 

1 

1.2 

6.68 

— 

1 

1.3 

6.60 

— 

1 

1.4 

6.42 

— 

1 

1.5 

6.00 

- ( f 10 fold addition 

1 

1.6 

2.70 

of tungstate soln.) 
— ( + 3 fold addition ) 

1 

1.7 

2.30 

+ 

1 

1.8 

2.05 

4* 

1 

1.9 

1.90 

4 

1 

2.0 

1.75 

4 


paratungstate ion with only one acid group cannot precipitate gelatin con¬ 
firms the theory that a tanning molecule must have not only minimum size 
but also several points at which salt formation can occur. 

Kuntzel et al tanned pelt in freshly prepared polytungstate solutions and 
their aggregation was allowed to occur within the pelt during the two-day 
contact period. For this study a ratio of pelt to tungstate solution of 1 part 
to 2000 ml of 0.1N solution was used. Their data arc given in Tables 313 
and 314 and show (a) that with less acid than 1.5 moles per mole of 
Na 2 WC >4 -2H 2 0 the pelt is horny upon drying; (b) that in the case of tannage 
with about 1.7 moles of acid the leather dries white and full; and (c) that with 
more acid than 1.7 moles the resulting leather shows a tendency to crack. 
It is stated that the deterioration of the tannage at high acid concentration is 
due to an acid hydrolysis of the collagen, and this is shown not only by the 
decreased tannage but also by the reduction in shrinkage temperature. 

When pelt was treated with aged polytungstate solutions in a manner 
similar to that described above, the tanned product was usually hard and 
partially horny, due to a case-hardening effect. However, if a great excess 


Table 313 


Mole ratio 

Equilibrium 

Shrinkage 

Temperature 

(° C) 

Condition after 

NmWCn * HOI 

pH 

drying 

1 : 0.6 

7.06 

55 

horny 

1 

1.0 

6.61 

55 

horny 

1 

1.2 

6.16 

52 

horny 

1 

1.5 

5.44 

55 

homy 

1 

1.7 

3.58 

69 

good 

1 

1.9 

1.96 

62 

cracky 
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Table 314 


Muir ratio 

Equilibrium 

Shrink ago 
Temperature 
C°C) 

Condition after 

NasWO* , HC1 

pH 

drying 

1 

0.4 

. . . 

57 

very horny 

1 

0.6 


56 

very homy 

1 

0.8 

7.70 

55 

very horny 

1 

3.0 

7.36 

53 

very homy 

1 

1.1 

6.94 

51 

very homy 

1 

1.2 

5.91 

50 

very horny 

1 

1.3 

5.54 

49 

very homy 

1 

1.4 

5.25 

47 

very homy 

1 

1.5 

3.63 

66 

hard leather 

1 

1.6 

2.02 

68 

full-white leather 

1 

1.7 


62 

hard leather 

1 

1.8 


59 

hard, cracky leather 


of acid-tungstate solution was used, good leather resulted when only 1.5 moles 
of acid were used. Employing hide powder, these investigators found that 
the absorption of tungstic acid increased as the pH value was lowered and 
reached a maximum value of some 0.4 gram of W0 3 per gram of collagen at 
pH 2.5. These data are shown in Table 315. 

Table 315 


u 

itio 

Crams take-up per 
gram hide powder 

Equilibrium 

NajWOr 

muo no 

pH 

1 

0 

0.0080 

7.38 

1 

1.2 

0.1120 

6.33 

1 

1.3 

0.1380 

6.16 

1 

3.4 

0.1516 

5.90 

1 

1.5 

0.2150 

5.65 

1 

3.6 

0.3084 

4.63 

1 

1.7 

0.3528 

3.53 

1 

1.8 

0.3628 

2.93 

1 

2.0 

0.3952 

2.50 


Ktintzcl et al. first assumed that the tungstic acid was absorbed as 
(HaWeCbi Aq.y and calculated from their data that each gram of pure collagen 
had bound 0.86 milliequivalent, which is well in line with the values for acid 
binding. As pointed out previously, Lindner criticized such calculations and 
expressed some doubt as to whether (IlaWeCbi Aq.) 5 was bound as such; he 
suggested that a metallic complex was fixed. Kiintzel et al. then worked with 
pure metatungstic acid. This solution was found to exert certain tanning 
properties, but owing to its increased acidity yielded a leather which was hard 
and brittle. However, it was found that some 0.434 gram of W0 3 per gram 
of collagen was bound. Upon calculation, this value indicated that 2 equiva¬ 
lents of HWOa were bound to each gram of collagen instead of the value 
expected from stoichiometric relations. 

Ktintzel and Erdmann 6 studied the phosphotungstic acids along the lines 
followed in their earlier work. When a solution containing sodium tungstate 
and disodium phosphate is acidified, the metallic acid first aggregates to the 
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isopoly acid, or in this case to hexatungstic acid. Several of the aggregates 
thus formed then further aggregate with the metalloid acid ions. The 
proportions of phosphorus pentoxide and of tungstic acid in the sodium salts 
of the various phosphotungstic acid are 1 :24, 1 : 18, 1 : 12, 1 :8 and 1 : G, 
When a solution of 1 mole of Na 2 HP 0 4 and 6 moles of Na*W0 4 is acidified, 
the crystalline phosphotungstate contains P 2 O a and WO 3 in the following 
ratios: 

Table 316 


pH 

7.0-5.5 
4.5-4.0 
3.0-2.0 
1 . 0 - 0.0 


Ratio 
1 : 6 
1.5 : 12 
1.5 : 30 
0.1 : 24 


Kuntzel and Erdmann 5 prepared the following five crystalline salts; 
(1) 4~sodium 8- ammonium 2 phospho 1 hexatungstate 2 Na 2 0, 4 (NH 4 ) 2 0, 
P 2 (X, 6 W0 3 , 2 H 2 0; (2) 12-sodium 3 phospho 2 hexatungstate, 6 Na 2 (), 
1.5P 2 0b, 12 WO3, I 2 H 2 O; (3) 10- barium 3-phospho 5 hexatungstate 10-Ba(), 
1.5 P 2 0&, 30 W0 3 , 73.5 H 2 0; (4) 6-ammonium 2 phospho 3-hexatungstatc 
3 (NH 4 ) 2 0, P2O3, 18 W0 3 , J4 II 2 0; (5) 1-phospho 2 hexatungstic acid Il 7 
P(W 2 0 7 )« 28 H 2 0, One per cent solutions of these salts were used for tanning. 
Tanning action was shown by compounds (3), (4) and (5) which are rich 
in hexatungstic acid and are strongly acid in character. 

Kiiutzel and Erdmann 5 studied the tanning action of molylxlic and 
vanadic acids and found that the aggregating powers of these acids were 
similar to those of tungstic acid. They found that hexamolybdates form in 
the same pH range in which tungstate ions give hexatungstate ions. Table 
317 shows the tanning action of the sodium molybdate solutions used. 


Table 317 


Mole ratio 
NuiMoO< 


Shrinkage 


to 

HNOs 

Equilibrium 
j)H value 

Temperature 

(°C) 

Condition after 
drying 

1 

0.8 

5.56 

59 

very horny 

1 

1.0 

5.40 

58 

very horny 

1 

1.1 

5.21 

59 

very horny 

1 

1 2 

5.12 

61 

very horny 

1 

1.3 

4.91 

60 

very horny 

1 

1.4 

4.62 

64 

hard leather 

1 

1.5 

4.45 

68 

full white leather 

1 

1.6 

3.95 

66 

leather 

1 

1.7 

3.29 

63 

leather 

1 

1.8 

3.27 

61 

leather 

1 

1.9 

3.28 

59 

leather 

1 

2.0 

2.68 

57 

leather 


These data show that the best tannage occurs at a molar ratio of molybdate' 
to acid of 1 : 1.5. Upon storage the leather changes color, due to the reduc¬ 
tion of the hexavalent molybdenum to the pentavalent state. 
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Table 318 illustrates the effect of acidified solutions of sodium vanadate 
upon pelt. These data show that optimum tannage takes place at a molar 
ratio of sodium vanadate to acid of 1 : 1.5. The leather so produced is soft, 
full, has a light yellow color and a shrinkage temperature of 09°. 


Table 318 


Mole ratio 
NaVO, to 

Equilibrium 

Shrinkage 
Temporal ure 

Condition after 

UNO* 

pH value 

(° C) 

drying 

1 

0.8 

5.56 

55 

very homy 

1 

1.0 

5.40 

56 

very horny 

1 

1.1 

5.21 

58 

very horny 

1 

1.2 

5.12 

57 

very horny 

1 

1.3 

4.91 

57 

very horny 

1 

1.4 

4.62 

59 

hard leather 

l 

1.5 

4.45 

69 

full white leather 

1 

1.6 

3.95 

65 

leather 

1 

1.7 

3 29 

65 

leather 

1 

1.8 

3.27 

62 

leather 

1 

1.9 

3.28 

64 

leather 

1 

20 

2.68 

62 

leather 


Zirconium Tannage 

Garelli 1 in 1907 made brief mention that the nitrates of zirconium and 
thallium had some slight affinity for hide powder. This observation was not 
applied in a practical manner. At one time zirconium was considered to be 
a rare element but it. now appears to be widely distributed in the earth’s crust. 

The chemistry of zirconium has been investigated quite extensively, and 
this work is summarized by Venable. 16 Zirconium forms three series of salts, 
(1) the normal salts such as Zr-Cl 4 ; (2) basic zirconyl salts, such as ZrOCl 2 ; 
and (3) zirconates such as Na 2 Zr0 3 . In aqueous solution the normal salts 
hydrolyze, yielding free acid and basic salts as shown: 

ZrlSOp* + H 2 ()^=±:ZrOS()4 + ll&0 4 

In this respect the normal zirconium salts resemble those of chromium and 
aluminum. However, the zirconium salts hydrolyze to a much greater 
extent and thus the solutions produced are more acid. 

The literature contains some references to the existence of complex 
zirconium sulfates. Such salts vary widely in basicity from an acid salt 
such as zirconium dihydrotrisulfate, Zr(S0 4 ) 2 *H 2 S0 4 *3H 2 0, to a normal 
salt such as potassium zirconium tetrasulfate, Zr(KS0 4 ) 4 *3H 2 0, and to a 
50 per cent basic salt known as tri zirconyl tetraammonium pentasulfate, 
3ZrOS(V2(NH 4 )S() 4 . 

Somerville 12 in 1942 made a study of zirconium tannage. For this investi¬ 
gation he used the normal salt and was surprised to find that it was taken up 
by the skin in a strongly acidic state and that it was unnecessary to adjust 
the basicity by addition of alkali. Of the various zirconium salts available, 
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the normal sulfate was found to be the most suitable, and was effective both 
when fully acidic and when neutralized to the basic state ZrOS0 4 . Somer¬ 
ville 12 employed the normal nitrate, chloride and sulfate and found, after 
tanning, neutralizing and washing, that the sulfate produced the best leather 
and the nitrate the poorest. 

When a solution of normal zirconium sulfate is added to pickled skin in a 
brine solution, the pH value of the solution and of the skin drops, but at the 
same time zirconium sulfate is fixed by the skin. Somerville points out that 
the basicity of the salt during the early stages of tanning is dependent upon 
the degree of hydrolysis of the normal salt, 

Zr(S0 4 )* + II 2 O ZrOS() 4 + H*S0 4 

and that this, in turn, is dependent upon the amount of free sulfuric acid 
present in the pickled skin and in the solution. Somerville found that even 
with highly pickled skin fixation occurred readily. 

Somerville investigated the effect of concentration and basicity of the 
basic zirconium salt upon its ability to be bound by skin. His results are 
shown in Tables 319, 320, and 321. 


Table 319 


% ZrO* on 

Shrinkage 

piokled w oigbt of 

Temperature 

skin 

(° 10 

1.00 

142 

1.50 

152 

2.00 

157 

2.25 

168 

3.25 

178 

5.00 

188 

10.00 

206 


Leather qualit v 
partially tanned 
partially tanned 
fairly well tanned 
quite well tanned 
well tanned 

well tanned and better filled 
well tanned and most, solid 



Table 320 




Basicity of solution (%) 

0 

25 

50 

75 

Tg, after 5 hours* 

204 

204 

188 

150 

Tg. next morning* 

204 

204 

198 

150 

pH of exhaust liquor 

1.0 

1.25 

1.75 

3.25 

Shrinkage temperature (° F). 

Table 321 




Basicity of solution (%) 

0 

25 

50 

75 

Ash 

19.0 

17.4 

18.6 

18.3 

Combined oxides 

18.4 

17.1 

18.3 

18.1 

Zr(> 2 

10.3 

10.4 

10.6 

11.3 

Hide substance 

58.5 

58.5 

56.1 

57.7 

ZrO a based on hide substance 17.6 

17.8 

18.9 

19.6 


Table 319 shows definitely that a considerable degree of tanning is obtained 
at quite low amounts of ZrC >2 given, but that for practical tanning greater 
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amounts should be used; Somerville recommends a minimum value of 5 per 
cent based on drained pickled weight of skin. 

The literature describes several basic zirconium sulfates but, in general, 
they appear to be of low solubility and tend to separate from solution upon 
standing. We might picture the formation of these salts as follows: 

Zr(804)2 -f 11*0 ^±: ZrOSO* + H 2 S(>4 
2 ZrOS() 4 + H* 0 ^Z^Zr 0 **Zr 0 S 0 4 + H 2 S 0 4 


Thus on the Sehorlemmer scale the zirconium salt ZrOSCb would have a 
basicity of 50 per cent, and the salt Zr0 2 -Zr0S()4 75 per cent. Rodd 10 has 
reported a still more basic salt having the composition, in anhydrous form, 
5Zr(V2SOa. Somerville prepared certain of these basic zirconium salts in 
which 0, 25, 50 and 75 per cent of the acid present had been neutralized. 
Tanning experiments were made and his data are shown in Table 321. Somer¬ 
ville points out that it is possible to have a wide range of basicity at the time 
of application, without affecting the amount of tanning material fixed or the 
shrinkage temperature of the resulting leather. These data also tend to 
show that tanning takes place over a wide range of pH values, with no well 
defined optimum and with uniform fixation at pH values less than 1.75. 

In later studies, Turley and Somerville 12 and Somerville and Turley 13 
discuss at some length the practical aspects of zirconium tannage. They 
give as a simplified tannage the following formulation: 


Pickled stock 

Water 

Salt 

Zirconium salt 


1000 pounds 
250 gallons 
100 pounds 
200 pounds 


They suggest that the solid dry zirconium salt should be added to the pickled 
stock and that the pH value at the beginning of tannage should be between 
2.0 and 3.0. The skins should be agitated in this liquor until penetration is 
complete and then allowed to remain in it overnight before neutralization. 
They should be neutralized until a uniform pH value of 3.0 is reached, after 
which they may bo washed, shaved and further neutralized to pH 4.5-5.0, 
when they are ready for fatliquoring. 

Turley and Somerville 13 claim that zirconium-tanned leathers have out¬ 
standing properties in respect to stability and washability. Such leathers 
are resistant to hot water, have a satisfactory tensile strength, and are fast 
*to light. 

Wilson 17 commented on the studies of Somerville and pointed out that he 
may not have been dealing with cationic zirconium in the case of zirconium 
tannage. Wilson postulated the possibility that zirconium sulfate might be 
a dibasic acid and gave this acid the formula H* f S 04 ““(Zr 0 )S 0 4 ~H + . 
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Wilson stated that if it were a strong dibasic acid its optimum tanning value 
should then be at a low pH value. He postulates that the two H+ ions 
might then combine with two amino groups of the protein and thus link them 
together by means of an electro valent link, 

Somerville criticized this viewpoint, and pointed out that while zirconium 
might exist as a zirconium acid salt and combine as such, he doubted if the 
reaction proceeds in this way, since he had neutralized over 50 per cent of the 
available acid. 

The reaction as given by Somerville is quite different from similar reactions 
with basic chromium or aluminum salts. It is quite well known that basic 
chromium sulfate does not bind or fix with protein at pH values much lower 
than 2.5 and that it can readily be reversed. At pH 1.0 or 2.0 little fixation 
of chromium occurs and practically all of it.can be removed by washing. If, 
on the other hand, chromium is fixed at pH 3.0 only a small amount can be 
washed out. McLaughlin 7 and associates have postulated that chrome 
tanning is in reality the adsorption of acid by the hide protein, with sub¬ 
sequent formation and deposition of 66.67 per cent basic chromium sulfate. 
They have shown that cationic chrome tanning cannot take place when the 
skin proteins are acid-saturated. Theis 14 has also demonstrated this fact 
by an entirely different method. In the case of the so-called alum tanning, 
higher pH values give not only higher fixation but more stable fixation of the 
aluminum complex. For this reason, such salts as sodium acetate or citrate 
are used for the neutralization of the alum liquor. For alum tanning a pH 
value of 4.5-5.2 is preferred. 

Somerville compares the binding of the zirconium compound with the 
skin protein to that obtaining for chromium and aluminum. It would appear 
to the authors that zirconium tannage might also be likened to that taking 
place with tungsten, molybdenum or vanadium, since zirconium fixation 
requires an extremely low pH value. It would seem that if aluminum, iron, 
and chromium obey practically the same basic principle when used as tanning 
agents, i.e ., require a relatively high pH value for stable fixation, then zir¬ 
conium should also obey the same general law if its reaction with skin proteins 
is similar in nature. The authors in no way dispute the validity of the prac¬ 
tical use of zirconium sulfate as a tanning agent, but they question to some 
extent whether the zirconium is acting wholly as a cationic complex; it would 
seem that considerable further study is necessary in this regard. The further 
investigation of the zirconium complex should be interesting and fruitful. 

Oil Tannage 

# Oil tannage has been discussed in the second edition of this monograph. 
Since we can find no new work in this subject for the past fifteen years, the 
interested reader is referred to the second edition. 
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Chapter 23 
Neutralizing 


At the completion of chrome tannage the leather must be properly pre¬ 
pared for the next process steps of dyeing and the fatliquoring or stuffing 
which follows dyeing. This preparation process is termed “neutralizing”; it 
consists of the removal by washing of any uncombined chrome liquor or 
neutral salts remaining in the leather, followed by the neutralization with 
mild alkali of any free acid left in the washed leather and, finally, washing 
the neutralized leather free of the neutral salts formed in neutralizing. These 
steps are accomplished in the tannery as follows. 

The tanned leather is mechanically pressed or “set-out” as it leaves the 
tan drum, whereby most of the uneombined chrome liquor it contains is 
removed. It is then mechanically treated to render it uniform in thickness 
throughout the entire skin area and to remove any particles of flesh or muscle 
adhering to its flesh side; these two mechanical processes are termed 
“splitting” and “shaving.” The leather is then placed in a drum and is 
given a short wash with flowing water, whereby any remaining uneombined 
tan liquor is removed. The proper amount of mild alkali is now added to t he 
closed revolving drum which is run for the proper period, at the end of which 
any free acid has been neutralized and the leather is of the proper pH value. 
The leather is then washed for a short period with running water. The com¬ 
position, volume, and temperature of the water employed in these several 
operations and the type and amount of alkali used vary from tannery to 
tannery, with the type of leather to be produced, and with the desired leather 
characteristics. For these reasons, it is neither practicable nor necessary to 
state process details. 

But the tanner knows that if any appreciable amount of uneombined 
chrome or neutral salts is left in the leather, or if it contains free acid, their 
presence will affect the dyeing, the fatliquoring and the appearance and 
quality of the finished leather. The desired extent of acid neutralization 
(that is, of both the free and a necessarily small part of the combined acid) 
may be determined as a function of the pH value of the leather. This value 
was “formerly determined by means of litmus paper or other indicators, which 
yielded rough approximations only; when accuracy is desired, the glass 
electrode is employed. In the latter method, the leather is squeezed by hand 
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and the pH value of the expressed liquid may be quickly determined. Indi¬ 
cator solutions which cover varying pH ranges are, however, useful to indicate 
roughly the variation in pH value of the various “layers” of the tanned skin 
in cross-section. 

If nothing more important were involved in neutralizing than the appar¬ 
ently simple factors described above, there would be no point in further 
consideration of the process. But practical experience has shown that even 
slight variations of procedure, or changes in the type of neutralizing alkali 
employed, may have far-reaching effects upon the finished leather. For these 
reasons, leather chemists have endeavored to explain the mechanism of 
neutralizing. 

When chrome leather is washed prior to neutralizing, changes in its 
composition may occur, in addition to the mechanical removal of the uncorn- 
bined matters present. The leather contains protein-bound acid and also 
acid combined with its fixed chrome. Both forms of fixed acid are partially 
hydrolyzed and removed when the leather is washed; and when the washed 
leather is then treated with alkali, both forms of fixed acid may be partially 
neutralized. The comparative extent to which these various changes occm 
no doubt has an important bearing on the characteristics of the finished 
leather. It is quite probable that anions of the neutralizing alkali may 
‘penetrate the fixed chrome complex, displacing other complexly held groups 
and thus radically changing the composition of the chrome complex. Various 
neutralizing alkalies of the same equivalent strength may differ in (he extent 
to which they penetrate the leather’s cross-section. Thus a strong alkali like 
sodium hydroxide is not employed because it reacts too rapidly with the acid 
present in the outside layers of the leather, greatly increasing their basicity, 
and producing undesirable characteristics. On the other hand, milder 
alkalies, such as borax, sodium bicarbonate and ammonium bicarbonate, 
react more slowly and more uniformly. Stiasny 6 has recommended the use 
of ammonia/ammonium salt buffers. These buffers may be adjusted to a 
low alkalinity so that they act slowly and do not over-neutralize the surfaces 
of the leather. As the ammonia component of the buffer mixture is decreased, 
its ammonium salt fraction increases and the alkalinity of the neutralizing 
mixture decreases. There are other but less employed neutralizing agents, 
such as sodium silicate (water glass), phosphate, formate, and acetate, as well 
as certain types of synians. 

In 1929, Schindler, Klanfor and Flasclmcr 4 cut 100-gram specimens from 
the butt of commercially tanned calf skin which had been split and shaved. 
Such specimens were shaken for 2.0 hours at 20° (30° in the case of borax) 
with 100 ml of water containing the neutralizing agent; the agents included 
sodium bicarbonate, sodium carbonate, sodium hydroxide, borax, ammonia, 
ammonia/ammonium chloride and ammonia/ammonium sulfate. The amount 
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of acid neutralized at the £nd of the two-hour period was determined and was 
found to be essentially the same for all the reagents employed. The rate of 
neutralization was then determined, employing similar experimental methods; 
the results are given in Table 322. 

Table 322 


Percentage reagent 

used, based on split «---Percentage reagent neutralized, after: 


leather wt. 

5 min 

15 min 

30 mm 

60 rmn 

120 nun 

1.0 Sodium bicarbonate 

74.5 

84.0 

94.0 

94.5 

97.0 

2.0 Sodium bicarbonate 

66.0 

76.0 

88.5 

90.5 

94.5 

4.0 Sodium bicarbonate 

54.7 

66.7 

76.3 

80.3 

90.3 

4.0 Sodium bicarbonate 

48.5 

59.2 

74.5 

80.1 

90.0 

1.0 Sodium carbonate 

67.5 

87.5 

91.2 

98 0 

98.0 

2.0 Sodium carbonate 

61.0 

74.0 

85.5 

94 5 

94.5 

2.0 Sodium hydroxide 


98.0 

98 0 

99.0 

99.0 

2.0 Borax 


57.5 

86.0 

93.5 

96.0 

2.0 Ammonia 

62.0 

80.5 

87.5 

91.5 

94.0 


Table 322 indicates considerable variation in the speed of reaction of the 
different reagents. These authors then determined the comparative neutrali¬ 
zation of the acid present in the grain and in the middle layers treated with 
various reagents, after a two-hour treatment, as shown in Table 323. 


Table 323 


Percentage neutralizing agent 

1.0 Sodium bicarbonate 
2.0 Sodium bicarbonate 
4.0 Sodium bicarbonate 
2.0 Sodium carbonate 
4.0 Sodium carbonate 
2.0 Sodium hydroxide 
2.0 Sodium silicate 
2.0 Borax (30 °) 

4.0 Borax (60°) 

2.0 Ammonia 

2.0 Ammonia + 2 moles NH/'l 
2.0 Ammonia -f 1 mole (NHJjSOi 


--Percentage of acid removed . 


Gram 

Middle 

31.6 

12.0 

44 5 

36.4 

76.6 

52.0 

5.5 

19.5 

88.6 

50.0 

74.0 

14 6 

103.0 

21.6 

67.2 

21.0 

87.0 

63.5 

27.0 

13.0 

18.0 

2.3 

33.0 

- 0.6 


In 1934, Riess and Papayannis 3 treated with various neutralizing agents 
wet chrome-tanned hide powder, containing 3.25 and 5.33 per cent O 2 0 3 
fixed from 33.3 and 50.0 basic chrome alum solutions. These agents included 
the following compounds: sodium bicarbonate, sodium carbonate, sodium 
silicate, sodium oxalate, di-sodium hydrogen phosphate, and borax. The 
wet chromed powder was treated for 30 minutes with the various neutralizing 
solutions and was then washed with water, dried and analyzed. In this way 
it was found that not only was the basicity of the leather (i.e., based on total 
fixed sulfate) increased in all cases, but that an exchange of anions had 
occurred. That is, the treated leather contained anions of the neutralizing 
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agent, the amount of which varied greatly with the nature of the agent 
employed. Sin^e these experiments were conducted with hide powder, we 
have no way of knowing how direct is their relation to the neutralization of 
whole leather. 

In 1935, Innes 1 neutralized freshly tanned and washed chrome leather with 
various neutralizing agents, employing 1.25 equivalents of the total fixed 
sulfate in the leather. The following sodium salts were used: bicarbonate, 
borate, thiosulfate, tetrathionate, phosphate, silicate, and oleate. Analysis 
of the treated leather showed a varying degree of removal of fixed sulfate 
as a function of the kind of neutralizing agent employed; thus the borate 
removed 91 per cent and the tetrathionate only 32. Analysis of the spent 
neutralizing solutions indicated a variation in the amount of anion of the 
neutralizing agent remaining in the leather, which was, for example, 20 per 
cent of the amount given in the case of tetrathionate and 89 in the case of the 
silicate. 

In a series of papers starting in 1934, Otto 2 has considered the mechanism 
of neutralizing, more particularly in reference to its influence upon the sub¬ 
sequent dyeing of the leather. He stresses the probable importance of the 
penetration of neutralizing anions into the fixed chrome complex and suggests, 
for example, that the alleged difference in the neutralizing behavior of borax 
and sodium bicarbonate may be explained by the slighter tendency of the 
borate ion to complex penetration compared with the carbonate ion. Otto 
pei formed experiments upon the reaction between various dyestuffs and 
prepared chrome compounds. He treated a chrome alum solution with 
NaOH until it was 70 per cent basic and then washed the precipitated basic 
sulfate until the wash water showed no sulfate ion. The sulfate ion was then 
so firmly held that it was only very slowly released by continued washing. 
When this compound was treated for 30 minutes with 0.025 per cent of Cotton 
Brown A, the dye was completely absorbed and the solution gave a distinct 
test for sulfate, indicating replacement of complexly bound sulfate. Otto 
then studied the reaction of dyes with pure chromium hydroxide, which he 
explains as an anionic interchange; and he made the important observation 
that pretreatment of the chromium hydroxide with salts of complex penetra¬ 
tion ability hindered subsequent dye absorption. 

In 1937, Thcis 6 studied the neutralizing effects of various compounds. 
Regular chrome-tanned shaved calf leather was cut into samples of equal 
area and equal to 5.0 grams of dry leather. This leather was then treated 
as shown in Table 324, where the percentage of neutralizer given is based 
upon the shaved weight. At the end of the treatments noted, the pH value 
of the leather surface and also its interior, was determined by means of 
indicators. The values shown indicate appreciable differences in the neutral¬ 
izing behavior of the various agents. 
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Table 324 

Value#—- 

('enter 

4.2 

4.4 

5.2 

6.2 
7.0 
7.6 

7.6 
76 
3.8 
3.8 

3.8 

5.4 
7.0 
9.0 

5.8 

5.2 
5.0 
6.0 
5.4 

4.2 
6/2 

3.8 

2.6 


Theis then determined the change in the sulfate basicity of the various 
leathers after neutralizing; this value was based upon the total acid sulfate 
content of the leather. The results of such experiments with ammonium 
bicarbonate and sodium phosphate are shown in Figure 200. 

Despite the extensive experimental studies described above, we still lack 
the knowledge necessary for a clear understanding of the actual--and prob¬ 
ably the most important—effects of the neutralizing alkali upon the leathei. 
That is, we do not know the relative effect of a given neutralizing process upon 
the protein- and the chrome-bound acid of leather, nor has any really con¬ 
vincing evidence been offered to prove that the neutralizing anions usually 
employed actually penetrate the fixed chrome complex, thereby displacing 
other complexly held groups. Our knowledge of this latter point is based 
entirely upon analogy and probability. 

Until we are in possession of more satisfactory analytical methods for 
differentia ting the various types of fixed acid in chrome leather, we can 
determine only approximately the relative values of protein- and of chrome- 
bound acid. But attaining such even approximate values might prove of 
importance in connection with neutralizing. This could be accomplished by 
pressing all uncombined matters from leather before and after neutralizing 
and then determining the protein- and the chrome-bound sulfate in both 
specimens by means of Gustavson's method described on page 442. This 
method could be extended to show the comparative depth of penetration of 
various neutralizers, by splitting the leather into layers, then pressing and 


Neutralising Reagent l ! sedi 

Surface 

No neutralizing—no washing 

4.4 

Washed but not neutralized 

4.4 

1% (NH0HCO, 

6.2 

2% (NIIOUCO, 

6.2 

3% (NH 4 )HCO* 

7.8 

4% (NU 4 )HC03 

8.2 

5% (NH 4 )IlCO, 

8/2 

10% (NU 4 )HCO, 

8.2 

1% Na 3 P() 4 

5.6 

2%NaJTh 

5 6 

3% Na,P0 4 

6.4 

4% Na 3 P0 4 

7.2 

5% Na*P0 4 

8.2 

10% Na 3 P(> 4 

9.0 

2% Nall CO» 

5.8 

2 % NaaCO* 

6 4 

2% Borax 

6.4 

2% Nll 4 (>11 

9 2 

2% Sodium acetate 

5.4 

2% Sodium iormnto 

4.6 

2% NH 4 HCO, 

6.2 

2% NttaPOi 

5 6 

10% ; Leukanol 

2.0 
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analyzing, a duplicate specimen being neutralized and then split, pressed and 
analyzed. 

A promising method for determining the extent to which neutralizing 
anions may penetrate the complex of the fixed chrome of leather is as follows. 
Chrome sulfate-tanned leather is neutralized (after washing in cool flowing 



Percent NaiPO* LVfi as Neutralizer 

Figure 200. Showing effects of concentration of neutralizer upon chemical properties 

of the leather 


distilled water for one hour) according to Gustavson’s method (page 442) 
until it shows a basicity of approximately 83.3 per cent, when it will contain 
practically no protein-bound acid and the acid sulfate present will be com¬ 
plexly bound. (The leather should contain around 8.0 per cent fixed chrome, 
thus insuring that appreciable fixed acid sulfate will be present, or 2.5 per 
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cent.) Specimens of this leather may then be treated with various neutral¬ 
izing agents, pressed, and the remaining fixed acid sulfate determined. In 
this way the actual displacement of complexly held sulfate may be ascer¬ 
tained. Determination of leather shrinkage temperature in future neutral¬ 
izing experiments will add to their value. 

As has been noted above, the neutralized leather is dyed and is then fat- 
liquored. We still lack sufficient knowledge of the mechanism of leather 
dyeing to permit a profitable theoretical discussion of that subject, although 
continuation of studies such as those of Otto should help to furnish the needed 
information. We shall therefore refer the interested reader to works dealing 
with the practice of dyeing and shall proceed, in the next chapter, to discuss 
fatliquoring. 
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Chapter 24 

Fatliquoring, Oiling, and Stuffing Leather 

1* Salts of the Fatty Acids (Soaps) 

The use of soap as an emulsifying agent for various raw oils in the applica¬ 
tion of oil emulsions to leather antedates by a considerable time the use of 
sulfated oils for a similar purpose. For the last fifteen years the published 
literature on soap emulsions for leather is meager compared to the voluminous 
and comprehensive literature on sulfated oils. 

Soap emulsions are used in some special cases for fatliquoring leather 
because they have advantages when applied to certain types of leather, 
especially shoe upper leather such as calf, kid and kangaroo, and also certain 
types of side leather and garment sheep. The oil dispersion in a soap emul¬ 
sion is usually much coarser, and also is broken more readily by chrome leather 
acids or by stripped vegetable tannins than a sulfated oil emulsion. There¬ 
fore, soap emulsions do not always penetrate as deep into the leather and do 
not give the same degree of softness as sulfated oils. All of this moans that 
slightly more oil can be applied to such leather in a soap emulsion without 
bringing about too great softness and raggedness, thereby obtaining a greater 
stitch-tear strength than could be accomplished with a smaller amount of 
sulfated oil. Soap emulsions can, of course, simultaneously fatliquor and 
neutralize chrome leather, but in doing so they may give a harsher surface 
feel and a poorer break, in the opinion of many tanners. 

Dorey 17 gives a very interesting discussion of the effect of the mode of 
preparation on the disperion of soap-stabilized emulsions. This appears to 
be the first publication of quantitative observations which show the kind of 
dispersion that can be expected from certain methods of emulsification. 
Dorey made a size-frequency analysis of various preparations and showed the 
percentage of oil globules of various sizes obtained by different methods. 
Preparing a 10 per cent olive oil with 0.5 per cent sodium oleatc in 89.5 per 
cent water emhlsion with a mechanical mixer, it has been found that the 
percentage of globules less than one micron in size was 47.5; if the same was 
prepared with a homogenizer the percentage of such globules was 71.8. 
When such an emulsion was prepared in a different manner by allowing the 
soap to form in situ , the mixer gave an emulsion with 08.5 per cent of globules 
less than a micron and the homogenizer 80.7 per cent. Soap formation during 

723 
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the emulsification process was accomplished by adding the alkali to the water 
and the fatty acid to the oil phase. Tt can readily be seen that by the latter 
method it is possible to obtain almost as well dispersed an emulsion as by 
using a homogenizer in the usual procedure of adding the oil to the prepared 
soap solution. 

Rayner 47 has reported that when soap is allowed to form in situ, very 
much more effective detergent properties are obtained. An outstanding 
advantage of the method of allowing the soap to form in situ is in those cases 
where hard fats or waxes are to be emulsified. In such a case the hard fat 
or the wax is heated until it is completely melted; then the required amount 
of oleic acid, or other fatty acid, is added and mixed. The required amount, 
of alkali of a suitable concentration in hot water is then added slowly, with 
vigorous stirring. The mix should be kept sufficiently hot that all the 
ingredients remain molten. Ammonia is not suitable in such a hot prepara¬ 
tion, but either sodium or potassium hydroxides or various amines are suitable. 
Such a procedure is described by Steinle and Budner 70 in U.S. Patent No. 
2,234,934 for the emulsification of carnauba wax. 

The proportion of soap to oil in various alkaline fatliquors can vary from 
1 : 2 to 1 : 15. A common proportion used is J part of soap to 5 parts of oil. 

The hard soaps, like the soda soaps (eastile soap), etc., can form a spue 
on leather, especially chrome-tanned leather, as will be considered later. 
Observations have been made in tanneries where a change to the soft potash 
soaps eliminated the spue. If splitting of the soap occurs in the leather, then 
there can be little choice between soda or potash soaps, since in that case the 
titer of the soap stock is most important. Potassium soaps are better 
emulsifiers than are sodium soaps. 

New emulsifiers that are auxiliary agents to soaps have become com¬ 
mercially available, produced by the esterification of the glycols with fatty 
acids as described by Bennet 6 : 

CHfOH cn 3 ( C R,)ttOOOOIl* 

I -► I + Hi0 

CH2OII + 2C H 3 (C H 2 ) icC »0() H CHttCIMwCOOCH, 

The optimum detergent and emulsifying properties are realized by mix¬ 
tures of the mono- and di- esters; accordingly “diglyeol stearate” is a mixture 
of the mono- and di- stearates. 

2. Sulfated Oils 

When fatty oils are treated with concentrated sulfuric acid under the 
usual conditions of careful control, a number of substances are produced but 
(except in special cases) they include only a very small proportion of sulfonic 
acid compounds, if any. Therefore, the process should be called sulfation 
instead of sulfonation. In 1847 Mercer and Greenwood took out a patent 
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for a “sulphated product'* and in 1922 Proctor stated that “sulphonated 
castor should more properly be called ‘sulphated castor/ ” Nevertheless, 
the terms “sulfonation" and the misnomer “sulfonated oils" have been used 
erroneously in literature all over the world when applied to the sulfuric acid 
esters of the fatty oils. 

In 1939, Koppenhoefer, and at about the same time Burton and Robert- 
shaw in England, made the first major attempts to correct this error and 
called these esters sulfated oils in their extensive publications. These sulfuric 
acid half-esters are hydrolyzable in boiling dilute mineral acids and are 
characterized by a sulfur through oxygen to carbon linkage which can be 
illustrated by the very simple formula of the half-ester of sodium methyl 
sulfate as follows: 


H a O-0~ S=-0 
o o 



The true sulfonic acids are not hydrolyzable, except in a few special cases, 
and have a direct sulfur-to-carbon linkage, as shown in the structural formula 
for 1 sodium methyl sulfonate: 

S O 
(.) () 

/ 

Na 


Various types of true sulfonated compounds will be discussed later. 

In the words of Schindler, the most important fatliquoring products of 
the leather industry arc' sulfated oils, and their general and extensive use in 
tins industry substantiates that statement. It is not within the scope of this 
treatise to discuss the manufacture of sulfated oils, which has been done by 
Stiasny and Riess 7! and by Burton and Robertshaw. 13 However, a discussion 
of the analysis of these oils will be given because of their extensive use in 
industry and because their analyses have been comprehensively studied 
during the past twelve years. 

There are two phases involved in the analyses of sulfated oils: (1) the 
commercial analysis for evaluation and preliminary study, and (2) fractiona¬ 
tion of these oils into groups of compounds for more detailed study as to nature 
and properties. The latter phase will be discussed later. 

In regard to the commercial analysis, a committee 4 of the A.L.O.A. 48 has 
investigated various procedures and has come to the conclusion that, the 
methods of the A.S.T.M. presented the most complete and adequate pro¬ 
cedures, except that, in common with all other methods available, they did 
not apply to true sulfonates, which are not hydrolyzable, but did apply to 
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sulfated unsaponifiables, such as sulfated alcohols, which arc hydrolyzable. 
The old A.L.C.A. methods and those of all other American associations were 
largely evolved and assimilated from the fundamental work done by Ralph 
Hart. The Wizoff Society in Europe published standard methods in 1931 
that are applicable to oils containing sulfated alcohols. The new A.L.C.A. 
method for sulfated oil analysis is an adoption of the A.S.T.M. procedures in 
which the committee referred to above has worked out a modification which 
makes it possible, in the presence of true sulfonates, to determine the “Total 
Desulfated Fatty Matter’ 7 and the “Unsaponifiables.” These methods are 
also applicable to oils containing sulfated unsaponifiables such as sulfated 
alcohols. 

In regard to the second phase, it has long been realized by various investi¬ 
gators that sulfated oils are very complex mixtures composed of several 
different and chemically distinct groups of compounds, which fact is often 
overlooked in considering their use in industry. Stiasny 72 was the first to 
attempt to separate sulfated oils into their various chemical groups and to 
study their nature and composition. Schindler and Schacherl 57 extended this 
fractionation and developed a complicated and detailed separation into seven 
groups of compounds. This fractionation procedure was later studied by 
Theis and Graham, 76 who modified and simplified Schindler’s procedure some¬ 
what. These investigators fractionated a number of sulfated vegetable oils, 
also neatsfoot and fish oils, and obtained six groups as follows: (1) free fatty 
acids, (2) neutral oils, (3) unsaponifiable, and (4) polar, one, two, and throe 
groups. The emulsifying constituents were separated into the three polar 
groups. This method used the acid value titration, which was considered 
sufficiently accurate unless the free fatty acids and neutral oils were to be 
individually studied, in which case the Schindler separation method w r as 
recommended. 

More recently, Hart 18 published a less complex procedure insofar as only 
three distinct classes of compounds are obtained: (1) the true fatty oil sulfates, 
(2) the free fatty acids, (3) and the neutral fatty oil. However, Hart’s 
procedure does not permit the quantit ative separation of the three classes of 
compounds, but does provide the means for the calculation of the factors by 
which the corrected values of the fractions are obtained. Hart’s procedure 
for fractionation was used by Koppenhoefer in his very thorough investiga¬ 
tion of the chemical constituents of sulfated oils, not only because of the 
simplicity and ease of manipulation, but because Hart’s procedure made it 
possible to separate sufficiently large fractions for extended study later. 
Koppenhoefer fractionated and analyzed quite completely the various frac¬ 
tions of three types of sulfated oils, i.e. f castor, neatsfoot, and cod oils. 

Table 325 shows the corrected per cent of the various fractions obtained 
from the above three sulfated oils. 
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Sulfo oil 
Free fatty acid 
Neutral oil 


Table 325 


Bulfated Cantor Oil 
Corrected % Fraction 

32.3% 

31.6% 

36.1% 


SuUated Neattrfoot Oil 
Corrected % Fraction 

13.9% 

56.1% 

31.0% 


Bulfated Cod Oil 
Corrected % Fraction 

18.9% 

56.0% 

25.1% 


Table 326. Analysis of the Separated Fractions from Sulfated Castor Oil. 


Fraction 

Sulfo Oil 

Free Fat ty Acid 

Neutral Oil 

Per cent water 

18.5 

0.0 

0.0 

Per cent volatile solvents 


2.0 

1.6 

Per cent ash 

6.8 

0.0 

0.0 

Per cent total fatty matter 

60.5 

97.6 

97.4 

Per cent combined SO a 

1J .5 

0.09 

0.01 

Per cent as sulforieinolcic acid 

56.5 

0.44 

0.05 

Acid value 

27.6 

17.9 

5.7 

Per cent as free rieinoleic acid 

14.7 

9.5 

3.0 

Saponification value 

176.5 

176.9 

172.3 

Acetyl value foil 11,0-free sample) 

131 9 

127.1 

150.2 

Per cent total acids 

60 5 

93 5 

96.2 

Iodine value 

74.7 

75.0 

77.6 

Mean mol. wgt,. (titration) 

355 2 

313 1 

309.0 

Mean mol. wgt. (saponification) 

306.4 

299.0 

304 3 

Acetyl value 

155.7 

135.3 

134 2 

Per cent oxidized acids 

59.4 

49.9 

26.2 

Per cent unoxidized acids 

36.1 

43.6 

70.2 


Only a part of one table is given to indicate the completeness of analysis 
in this work. The most important information brought out about this one 
oil is that the sulfation of castor oil occurs predominantly at the hydroxyl 
group; but simultaneous sulfation, to the extent of about 5 per eent, also 
occurs at the double bond of rieinoleic acid. 

Reactions during Sulfation. The groups of compounds formed are partly 
indicated by Hart 18 in his investigation of the read,ions that occur when 
neutral olive oil is treated with concentrated sulfuric acid in the usual com¬ 
mercial practice. Similar reactions probably hold true for castor oil, except 
that a larger amount of free fatty acids is formed because of the greater ease 
with which the triglyceride of rieinoleic acid is hydrolyzed. 

SOJI 



KOOOOH, 

U'OOOOH, 

1 

a) 

| 

RCOOOH 1 I1,S0 4 

nooodi. 

—RCOOOH 

1 


R'COOOHa 



\ 



SOJI 


Triglyceride 

Disulfo Triglycendc 


RCOOOH, 

1 

RCOOOH, 

( 2 ) 

R OOOOl I + 11 2 0 

1 

| 

—> 011(011) f ROOOll 


ROOOOU 2 

| 

RCOOOH, 


Triglyceride 

Diglycerule Fatty Acids 
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(3) 


(4) 


RCOOH + HiSO< 

Fatty Acid 
RCOOII + H 2 0 

^SO.H 

Sulfo Fatty Acid 


ircooH 

SO,II 


Svlfo Fatty Acid 


R'COOH 

\>H 

Hydroxy Fatty Acid 


N, 


Four reactions seem to take place, namely, the triglyceride is sulfated, 
yielding a disulfo triglyceride, probably symmetrically arranged; one-third 
of another molecule of triglyceride is hydrolyzed, yielding a diglyceride and 
free fatty acids; the free fatty acid is sulfated, giving sulfo fatty acid; and, 
finally, part of the sulfated glyceride is decomposed to yield the corresponding 
hydroxy compound. 

These reactions, with the exceptions of the partial and total hydrolysis 
of the glyceride and the decomposition of the sulfo oils, may be represented 
by the following equation: 

S0 4 H 


3 


"RCOOOHj 

RCOodlH 

.RCOoill, 


4* 411 U 


Triglyceride 


"RCOOH 

\ 

\so 4 ll 


Sulfo 

Fatty And 


IPCOOClh 
+ KCOO AI 
K'COo/'H 

k),n 

Jh-sulfo 
Triglyceride 


UCOOCH, 

Enroll) 

Lkcoo^h, 

Diglycende 


The above equations that Hart gives may represent substantially the 
reactions that take place during the sulfation of olive oil under carefully con¬ 
trolled conditions; however, it is generally well understood in the sulfated 
oil industry that the sulfation of more highly unsaturated oils than olive*,, 
such as fish oils and particularly cod oil, is accompanied by reactions far more 
complicated than those given above, resulting in various oxidation, polymeri¬ 
zation, and condensation products that are extremely difficult to separate 
and therefore not fully understood. It is also generally believed that the 
lower the temperature at which sulfation takes place, the fewer and simpler 
are the reactions. 

Burton and Robertshaw 13 extend very considerably a discussion of the 
possible reactions beyond those given by Ilart. Aside from the sulfonation 
of aromatics, they show the possibility of formation of true sulfonic acids by 
combination with any of the double bonds in a fatty acid or by combination 
at the CHo group adjoining one of the unsaturated OH—CH groups as 
follows 


R'CJh-CII 


CUE" + H,S0 4 


R' CH CH —> CII • R" 
SOJT 

Sulfonic Acid 
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Barton and Robertshaw 13 also show the possibilities of lactone, lactide 
and eslolide formation as follows: 

(a) A molecule of a hydroxy acid may lose a molecule of water, giving a 
lactone or inner anhydride: 

H * OH—GH a — > It - OH—CH, 4- IhO 

in boon i —ho 

(l)) Two molecules of a hydroxy acid may condense with loss of two mole¬ 
cules of water, giving a lactide: 

2R'--ir —> o— Jt'-R"- co 
I 1 i 14- 2H 2 0 

OH OOOU CO—K" —R'— O 


(c) The COOII group of one fatty acid may react with the OH group of 
another acid, giving an estolide: 

R'-OH—CH, 4- IV'-OH-OH*—► R' Cil—Ol 2 R".OH—CH, 4 H,0 

in ioow in icon oh io-o icon 


(d) One molecule of water may be removed from two molecules of hydroxy 
acid, oi* two molecules of water ma}* be removed from three molecules of 
hydroxy acid, and so on, giving complex estolides which saponify with 
difficulty. 

(e) Formation of highly oxidized or polymerized or condensed products 
of unknown constitution which are probably formed during sulfation to a 
greater or less extent because some oils contain constituents which are 
insoluble in water or petroleum ether. 

Riess 48 has shown that iso-oleic acid is formed during sulfation of oils. 
An ordinary neatsfoot oil contained 1.1 per cent- of iso-oleic acid; however, 
after sulfation at 25° with 20 per cent H 2 S() 4 the sulfated oil contained 9 3 
per cent of iso-oleic acid with a melting point over 50°. 

Physical Examination of Sulfated Oils. Types of Emulsion. An ordinary 
commercial sulfated oil may give either a solution or an emulsion with water. 
Such an emulsion may be either transparent, translucent, or opaque. The 
degree of opacity may vary considerably and far beyond the power of the 
human eye to discern by mere observation of a 5 per cent or 10 per cent 
emulsion. This great variation in types of emulsion is somewhat independent 
of the particular oil sulfated, but it is to a large extent dependent on the 
degree of sulfation and to a considerable extent dependent on the subsequent 
treatment and the neutralization. Any of the above types of emulsions may 
be suitable for fatliquoring some type of leather. In general, the more 
opaque types of emulsion are considered to be taken up better in fatliquoring. 
Nephelometric comparison of various emulsions or comparison with a 



730 


CHEMISTRY OF LEATHER MANUFACTURE 


standard can be done with a lactoscope, or better with a photoelectric tur¬ 
bidimeter. 

Methods for detcnniniiig emulsifying power of a sulfatcd oil are important 
if the oil is to be used as a carrier or emulsifier in a compounded product. 
Burton and Robertshaw 13 describe a procedure for the determination of 
emulsive capacity. 

3. Petroleum Sulfonic Acids 

The petroleum sulfonic acids which are produced during the acid refining 
of petroleum distillates are sometimes used, in various purified and neutralized 
forms, as emulsifying, stabilizing, and wetting-out agents in the treating of 
leather. Investigations of petroleum sulfonic acids have resulted in a division 
of these products into “mahogany acids” and “green acids.” Schestakoff 
gives the empirical formula for the “mahogany acids” as C n H 2n 12SO3. These 
acids are generally used in the form of their sodium salts, usually referred to 
as “mahogany soap.” Burton and Robertshaw have outlined a procedure 
for the analysis of these petroleum sulfonates, the combined SO.* of which can 
be determined after fusion with an alkali and oxidizing agent. 

Other Fatliquoring Materials (4 to 20) 

4. Napthene sulfonic acids (sulfonation products of the cyclic aliphatic 
substances). These have the general formula C n lhn -nS() a H, the alkali salts 
of which have emulsifying and detergent properties. 

5. Sulfonated alkylated aromatic hydrocarbons, of which sulfonated 
dilaurylnaphthalene is an example. 

0. The sulfuric acid half-esters of the fatty alcohols constitute one of the 
important groups of sulfatcd products that are used in the leather industry. 
Sulfated lauryl and myristyl alcohols are examples but other fatty alcohols 
are also used. Balfe 2 reports that catalytic hydrogenation of unsaturated 
fatty acids can be so controlled that the carboxyl group is reduced to an 
alcohol group permitting the formation of long-chain alcohols which retain 
the unsaturated linkages of the fatty acids. The sulfate esters of these 
alcohols form a series of compounds which have exceptional wetting-out 
properties. An example of a sulfated alcohol that is used as a dispersion or 
penetrating agent either before, during, or after fatliquoring is Gardinol. 

7. An example of a condensation product of a fatty sulfonic acid is oleic 
amido ethane sulfonic acid. 

8. An example of sulfonated ether is sulfonated lauryl phenyl ether, 
which is one of the Tritons. 

9. An example of a sulfation and condensation product of aliphatic acids 
having masked carboxyl groups is oleic amido ethane sulfuric ester. 
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10, Bases such as amino, ammonium, and pyridine compounds and 
similar substances. 

(a) A class of auxiliaries recently introduced comprises the so-called 
“cation-active” materials. Chemically, these products are salts of relatively 
strong organic bases. They ionize in solution to give an organic or inorganic 
anion and an organic cation of high molecular weight which determines the 
surface activity of these products. The structure of the cation determines 
whether the material will have “softening,” “wetting,” or “emulsifying,” 
properties. According to Roth, 50 practically all the cation-active materials 
in use today are either salts of tertiary amines or quaternary nitrogen com¬ 
pounds. Somerville 65 describes the groups, tertiary alkyl amines of the type 
R' R II 


\ / 

N- R and the tertiary amine salts of the general formula It'—N—Cl, 


It' 


R' 


where R is a long-chain alkyl of at least 8 carbons and R' and It” are short 
chain alkyls of not more than four carbons or of substituted alkyl groups; 

R R”' It R'" 


/ 


\ 


also the quaternary amines such as R'—N or the salts as It'—N 

/ \ / \ 

R" OH R" Cl 


This patent also describes the possible uses of these materials as emulsifiers 
for oils in fatliquors. Commenting on these claims, it would appt ar that if 
leather when immersed in water takes on a positive charge, as Wilson 81 
claimed and as Atkin and Thompson 1 stated, then it would be expected that 
these cationic substances would not be taken up and fixed by leather like the 
anionic sulfated oils. However, because of their inert reactivity toward the 
positive leather they would bo expected to penetrate much more easily and 
rapidly than any of the anionic materials and therefore give good softness 
and good tensile strength to the leather. 

(b) The behavior of these bases to the dyes ordinarily used in leather 
presents a difficult problem. They are inert to the basic dyes but are incom¬ 
patible in a solution with the acid dyes. These cation-active emulsifiers are 
precipitated with alkalies and are solubilized and stripped by acids, which is 
exactly the opposite to the behavior of acid dyes. These cation-active 
emulsifiers are not affected by strong solutions of aluminum sulfate nor by 
the usual metallic soap-forming metals. They are also unaffected by strong 
mineral acids except, of course, that such mineral acid may alter the nature 
of the tertiary or quaternary ammonium salt. In some cases, they can be 
salted out by strong solutions of sodium chloride. 

J 11. Wilson 84 introduced phosphated oils which were produced by the action 
of phosphorus pentoxide on hydroxylated fatty oils. These oils were claimed 
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to give additional filling and combining power with leather, especially vege¬ 
table-tanned leather, and were recommended to be used with sulfated cod 
oils and moellons. 

12. Jaeger 26 lias investigated aqueous emulsions containing esters of 
polycarboxylic acids with mono- or polyhydric phenols. The esters may 
contain one or more S0 3 H groups, and in the case* of the polyhydric alcohols 
one or more of the OH groups may be etherified. 

13. There is an enormous number of patents granted for emulsifying 
agents, especially in connection with emulsions for use in textile, leather, and 
similar industries. Clayton 15 states that the conception of polar and non¬ 
polar molecular groupings is the basis of modern research on synthetic 
emulsifiers. However, there is a very large group of natural colloids which 
act as emulsifiers, the enumeration of which is beyond the scope of this review. 
The alkylated celluloses are some of the newer emulsifying agents described 15 
as having possibilities in the leather industry. If methyl cellulose is dispersed 
in hot water, it will gradually go into solution as the water cools. This has 
many possibilities, and if such an alkyl cellulose is put through an homogonizor 
with various oils or lipids, they will form white emulsions that are somewhat 
stable to salt, acid, and alum. 

14. Most of the gums used for emulsifying agents are the natural gums 
that are well known and have been used extensively in leather. Since some 
of them like karaya and ghatti gum up so very quickly in water and form 
lumps, it is generally best to wet them in alcohol or glycerol and then use cold 
water with vigorous stirring. 

15. Some of the vegetable oils that have come into general use in recent 
years are teaseed oil, mustard seed oil, rice bran oil, peanut- oil, and soybean 
oil. Some oils, because of war conditions, are unavailable for use with 
leather, like olive oil; some are scarce, like rapeseed oil, sesame, etc. Cotton¬ 
seed and corn oils are still being used. 

(a) Some of these vegetable oils are so high in iodine value and so low in 
natural antioxidants that they have to be protected by the addition of 
synthetic or natural antioxidants. 

(b) Efforts have been made to stabilize vegetable oils by replacing part 
of the fatty acids by aromatic acids, 56 

10. An elaborate review was made by G. E. Bills 7 of t he chemical literature 
on cod liver oil, citing 90 papers in the bibliography. This oil was originally 
obtained by direct steam-rendering. The stearine is removed from the crude 
product by chilling and filtering. The occurrence of 17 fatty acids in cod 
liver oil has been reported; the, presence of 9 of these is reasonably well 
established, the remaining 8 being doubtful. All the known acids fall into a 
broad series (O w H 2 „ 2aA0 where n has a value between 14 and 22 and x is 
the number of double bonds, which may range from 0 to 6. The oxidation 
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and consequent rancidity of cod liver oil is an autocatalytic process acceler¬ 
ated by the formation of organic peroxides and retarded by foreign sub¬ 
strates. 

17. A description is given 55 of three groups of synthetic oils: (1) Esters of 
purely artificial origin, e.g., butyl phthalate, used as a softener in lacquers, 
and di-n-hexyl phthalate and diainylfumarate, which are said to be valuable 
additions to fatliquor oils. (2) Esters containing residues of higher natural 
alcohols, e.g,, diethylglyeoldiphthalate which increases light stability of 
leather and hinders spueing. (3) Stabilized vegetable oils referred to above. 
Aside from the above description of synthetic esters, there are a number of 
somewhat smaller structures that have been found of value in oils used for 
fatliquoring such as the propyl, butyl, and amyl esters of palmitic, oleic, and 
stearic fatty acids. These esters do not have the “body” of neatsfoot oil 
but are very fluid, of low cold test, and penetrate well. 

According to Gnanun, 8 cattle tallow is a mixture of triglycerides of stearic, 
palmitic, and oleic acids. Monoglycerides are present in minute amounts. 
It is possible to fractionally crystallize dipalmitolein (M.P. 48, S.V. 202.7, 
f.V. 30.18); dipalmitostearine (M.P. 55, S.V. 202.2); distearopalmitin (M.P. 
62.5, S.V. 195.50); and stearopalmitolein (M.P. 42, S.V. 195.0, I.V. 29.13) 
from cattle tallow, which contains about 21 per cent palmitic, 50 per cent 
stearic, and 29 per cent oleic and other mixed fatty acids. 

18. Egg Yolk. It was formerly thought that lecithin and other phos- 
phatides were the most important constituents in egg yolk (whole egg) for 
t reating leather, but recently this role has been assigned to the protein. Sell, 
Olsen and Kremers 63 consider that the most important constituent is an 
unstable complex compound of protein and lecithin. Hevesi 21 notes that egg 
oil varies greatly in composition; one oil contained 81.8 per cent oleic, 9.6 
per cent palmitic and 0,6 per cent stearic, while another oil contained 40 
per cent, 38 per cent and 15.2 per cent, respectively. There are many egg 
yolk substitutes, most of which contain soybean lecithin, a mixture of phos- 
phatides and various cholamine derivatives. These various substitutes 
usually take into account the tanner’s demand for stability to alum. A 
number of patents refer to materials such as lecithin, gums, glycerine, glycero¬ 
phosphates, proteins, soaps, aluminum hydroxide, oils, sulfated oils, etc. 
The practical use of egg yolk is discussed under the subjects, emulsions and 
fatliquoring. 

19. MoelJons, Degras, and their substitutes. There is some confusion 
among tanners in regard to these terms, as for example, wool grease or moellons 
are often referred to as “degras.” However, the manufacturers of leather 
oil products are quite clear in their use of these terms and the nature of the 
material that each term designates. “Natural moellon” is a by-product of 
chamois tanning. “Artificial moellons” are products of the transformation of 
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marine oils; (a) oxidized or blown oils (b) partly sulfatcd or hydroxylatcd 
(c) and/or treated will) water-in-oil emulsifiers. “Degras” is a mixture of 
moellons, oils, fats, and oxidized fatty acids, according to Thuau and Lisser. 80 
However, “dogma” is the French name for fish oil that has been used in 
chamoising. 

Thuau and Lisser 80 made an extensive investigation of moellons and 
degras, and list 18 formulas for moellon substitutes. 

20. Oil and Fat Refining. The trend in oil and fat refining is described 
by Silman 64 in which vacuum and steam distillation methods for de-acidifying 
oils and fats are discussed. Bleaching of tallow is accomplished by salt or 
hypochlorite. Palm oil is bleached with dichromate. Oils should be refined 
before hydrogenation and halogen and sulfur compounds removed. 

One of the most important steps in refining oils for use on leather is simply 
cold pressing, which will remove stearincs and other high melting point fats, 
thereby giving lower pour and cloud points and making such an oil more 
suitable for general use in the leather industry. Orthmann et a/. 48 describe 
improved methods for determining pour and (‘loud points. 

The Theory and Behavior of Emulsions 

Fatliquors are emulsions, and the theoretical treatment of emulsions forms 
an important section of colloid chemistry. 6 * Moreover, the aqueous dis¬ 
persions of emulsifiers form predominantly colloidal systems. As the systems 
are concentrated the ions present coalesce, forming colloidal particles; the 
concentration at which this occurs is the critical concentration. The aggre¬ 
gates are presumed to arise because the molecules are not spherical, but 
elongated or thread-like. The aggregation phenomena are important because 
only those materials are emulsifiers, wetting agents, or detergents which 
aggregate in high concentrations. The aggregation occurs primarily at the 
interface between the bod}" to be emulsified or wotted and the liquid, and not 
at all, or onty slightly, in the aqueous dispersion. According to MeBain, 65 
the state in a solution of a colloidal electrolyte (which includes soap) can be 
depicted thus: 

(II) I hidissociated I ~ Pmiifisoeiated (III) 

simple salt aggregated salt 

t l _^ T 1 

(1) Simple ions ^EZ±: Aggregated ions (IV) 

the particle sizes increase from (I) to (IV). The degree of aggregation tends 
to increase with increase in concentration and with the number of carbon 
atoms. Small particles are the most mobile; hence any alteration in the 
degree of aggregation affects surface activity. The great importance of 
particle size in a fatliquor emulsion w r as emphasized by McLaughlin 81 in his 
discussion of Koppenhoefer’s review of the role of lipids. 29 Schiaparelli 51 
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stated that the particle size of suitable emulsions is visible under a microscope 
and was found to be 10~ 4 mm. He states that larger particles are absorbed 
on the surface only, while smaller particles are also undesirable because they 
are easily washed out of the leather. 

Commenting on the above statement, the reviewer has found by actual 
investigation that particles having the size 10~ 4 mm are invisible, and that 
such emulsions would vary from translueeney to transparency. The best opti¬ 
cal microscopes are capable of resolving particles having the size 10“ 4 X 2 mm, 
or 5 of a micron, that is, 10~ 3 X 0.2 mm. However, by the use of ultraviolet 
light this resolution can be increased to include somewhat smaller particles. 
An emulsion in which about 90 per cent of the particles are about l micron 
is opaque; such an emulsion represents the average fatliquor in common use. 
In the whole field of fatliquoring leather, a wide range of particle size emulsions 
is used, from considerably less than 1 micron up to about G or 7 microns. The 
latter would be represented by poorly prepared soap emulsions. Blockey, 
d al H investigated the mechanism of the penetration of oil into leather during 
fatliquoring and demonstrated microscopically the existence of fat globules 
in freshly fatliquored leather. The predominant size of the globules in the 
fatliquor used was about 1 micron. On drying the leather the globules dis¬ 
appeared. They also showed penetration into the leather of pigment particles 
of about 5 microns in diameter. 

The properties of dual emulsions have been studied and described by 
Checsman and King. 14 The term “dual emulsion” is applied to emulsions of 
the same pair of liquids, with the same emulsifier, in opposite types. Oil-in- 
water and water-in-oil emulsions were prepared with the pairs IfgO-AmOH 
and H 2 0-kerosene, with various emulsifying agents such as soaps, sulfated and 
sulfonated oils, etc. In most eases the stability of the unusual form of the 
emulsion was of the same order as that of the usual form. These results 
throw doubt on the rule that a given emulsifying agent is capable of stabilizing 
an emulsion of one type only. 

In some cases where take-up of oil is difficult, attempts have been made 
to break sulfated oil/wafer emulsions during the course of fatliquoring by 
various means and procedures, such as lowering pll value, use of salts, inver¬ 
sion of phase, coagulants, and by the use of electrolytes of opposite charge. 
Some of these procedures may work in rare cases, but in general they are not 
practical. In some few cases, the actual sulfated oil may be more soluble if 
the pH is lowered. Salts are not satisfactory because the leather will absorb 
them. The inversion of phase as, for example, an oil-in-water emulsion to a 
water-in-oil emulsion, is not practical in a fatliquor. The use of coagulants 
offers by far the best possibility as an aid to take-up. Egg yolk, albumins, 
flour, emulsified lecithin, gums, and alkylated cellulose present possibil¬ 
ities. 
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Merrill 86 found that the addition of whole egg to a sulfated neatsfoot oil 
fatliquor “causes an enormous increase in the size of the oil droplets.” The 
effect of this will be discussed under application of oil emulsions to leather. 
The use of cation-active tertiary or quaternary ammonium compounds of the 
fatty acids to break emulsions of the anion-active soaps, or sulfated oils, is 
very definitely not practical. If such procedure should be attempted, the 
two Opposite electrolytes would precipitate one another, forming a gummy, 
sticky, resinous mass that would deposit on the surface of the leather, causing 
some difficulty. This has been observed by the reviewer. 

There is generally a normal and gradual break of the emulsion during 
fatliquoring because the anionic emulsifier is taken up rather rapidly by the 
leather, causing the remaining emulsion to be unstable and thus bringing 
about a satisfactory take-up. Therefore, it is usually unnecessary to resort 
to any of the auxiliary agents referred to above in order to bring about, a 
reasonably complete take-up. 

The preparation of emulsions is important and generally fairly well 
Understood by tannery operators. In the Bergman-Grassmann-Gnanim 
“Handbuch” 6 a description is given for the preparation of a sulfated oil/raw 
oil emulsion which is similar in procedure to the preparation of a soap/oil 
emulsion. They say that the sulfated oil should first be mixed with water 
(boiling water in the case of soap) and the raw oil then stirred in. This i,s 
definitely wrong, because the sulfated oil loses its power to disperse a raw oil 
if the former is first diluted with an appreciable amount of water. The raw 
oil, whether it be mineral, animal, or other material, e.g liquid waxes, must 
first be stirred into the sulfated oil as is, and well mixed; then any dilution can 
be made. Of course, a solid sulfonated or sulfated emulsifier must first be 
dissolved in a small amount of water lief ore the raw oil is stirred in. 

Soap emulsions are best prepared in boiling water; however, such a high 
temperature almost always breaks a sulfated oil emulsion. Sulfated castor 
is about the poorest carrier for other raw oils. One hundred parts of a good 
sulfated oil, like sperm oil or cod oil, will carry and emulsify about. 40 parts of 
a fatty oil, or about 65 to 75 parts of a mineral oil. Adjustments may have 
to be made with either alkali or fatty acids, or both, to bring about the maxi¬ 
mum carrying capacity of a sulfated oil. On the other hand, soap has a 
greater faculty of emulsifying fatty oils than mineral oils. 

Clayton 16 suggests lhat lipophile-hydrophile balanced emulsifiers could be 
used to advantage in fatliquoring leather. He mentions palmityl sulfate 
as an example of such a balanced emulsifier where the palmityl chain 

CieHas'-is sufficiently, but not too strongly, lipophilic to overbalance the 

hydrophilic sulfate group, as follows: 
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The Application of Oil Emulsions to Leather 

The most common way of applying oils and fats to leather is in the form 
of fatliquor emulsions, and the possibility of using any particular material 
for fatliquoring depends not upon a single dominating property but upon a 
harmonious blend of many properties. The important considerations are: 

During Fatliquoring 

(a) Attainment of the desired emulsification. 

(b) Accomplishment of the desired fat absorption and distribution. 

In the Leather 

(a) The effect on the feel in general, the softness, stretchiness, elasticity, 
and fullness. 

(b) Influence on the grain, break, surface feel, etc. 

(c) Influence on the flesh and its appearance. 

(d) Unalterability of the fat on the fiber. 

(o) Influence on the color. 

(f) Influence on finishing. 

The Mechanism of Fatliquoring 

(a) The general methods in common use are: (1) Drum fatliquoring of 
chrome leather is usually carried out at a temperature of 130° to 140° F for 
30 to 60 minutes, and at a concentration varying from 0.5 to 8 per cent of the 
emulsion. The amount of oil used on basis of the drained wet weight of 
stock varies from about 1 to about 20 per cent, depending on type of leather. 
For vegetable-tanned leather the temperature is usually from 115° to 122° F, 
whereas the other factors are about the same as for chrome leather. (2) Paddle- 
vat fatliquoring is slightly less efficient because of the very much larger 
volume of water used, and therefore slightly more oil on weight of stock is 
required. Because of the large volume of water, the concentration of oil 
usually varies from 0.25 to 2 per cent of solution and the time of paddling is 
commonly from H to 4 hours. The temperature is the same as given above 
for chrome and for vegetable leather respectively, although if the paddle vat 
is not covered the temperature drops very rapidly. 
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The application of oil emulsions to leather in still vats, with occasional 
Stirling, is seldom resorted to, and is not satisfactory. 

(h) The splitting of sulfated oils during fatliquoring. It was formerly 
thought that the sulfuric acid esters were split during fatliquoring. However, 
the works of Schindler and Schacherl , 57 of Burton and Robertshaw , 11 and of 
Schindler and Romer 60 all show that no noteworthy splitting occurs during 
fatliquoring within the normal pH range. 

Schindler and Klanfer 69 have studied the behavior of sulfated oils during 
the fatliquoring of chrome leather and found that sulfate is removed from the 
leather, and that the amount removed increases with the increase of pH 
value, whereas the splitting diminishes. Sulfated oils have a great power of 
replacing sulfate, which faculty is also possessed by the true sulfonic acids 
and by some dye acids. These investigators came to the conclusion that it is 
very improbable that splitting occurs during fatliquoring. 

(c) The process of fat absorption by leather from fatliquor emulsions has 
been investigated in various aspects by several experimenters. Considering 
that in some cases chromed hide powder was used, and others chrome-tanned 
skins, and also considering the variety of materials worked with, it is no 
wonder that in some cases divergent results and views were reached. 

(d) The take-up with chrome-tanned hide powder is much more rapid and 
complete than with chrome-tanned skin. Stather and Lauffmaim found that 
with unneutralized chromed hide powder the fatty matter absorption from 
soap solutions and soap/oil emulsions was almost complete up to quite large 
amounts of added fatty matter. On the other hand, Schindler, Flaschner 
and Klanfer , 61 using chrome calf skin, showed that with soap solutions the fat 
absorbed is proportional to the amount of soap used only up to a much lower 
proportion of fatty matter than in the case of sulfated oils. It would appear 
that the'disagreement is due to the quicker absorption of the hide powder. 
With sulfated oil liquors and neutralized chrome leather, using practical 
amounts of oil, absorption is practically complete in two hours, according to 
Schindler, Flaschner and Klanfer . 61 As mentioned above, it is seldom that 
tanners will find it necessary in practice to run a mill more than one 
hour. 

The Extent of Fat Take-up 

The extent of fat take-up from the emulsion must be regarded as a separate 
mechanism from that of penetration into the leather; however, both are 
affected by the proportion of oil to leather used, the concentration of the 
emulsion, the particle size or degree of dispersion, pre-treatment of the 
leather, and auxiliary agents used, as for example, egg yolk. The latter 
material is of unusual interest because of its general use (not only on alum but 
extensively on chrome-tanned leather) and because of the diversity of opinions 
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on the effect of egg yolk expressed by various investigators. Stather and 
Lauflfmann 67 found that egg yolk was poorly absorbed by unneutralized 
chrome hide powder, but the addition of neutral oil increased the per cent of 
added fat absorbed. Theis and Hunt 74 76 also found that chrome calf skins 
absorbed fat poorly from emulsions containing egg yolk and that additions 
of egg yolk to stilfatod neatsfoot oil emulsions diminished the absorption, 



Kiguie 201. Kflect of addition of egg yolk to Milfnlod cod oil 
in fathquormg chrome-tanned calfskin (Thois-llunt). 


as shown in Figure 201. This figure also shows effect of egg yolk on tear and 
tensile strength and the effect of pH, which will be discussed later. Merrill 36 
studied egg yolk but showed principally its effect on distribution. The 
reviewer has found many tanners who believe the addition oi egg yolk favors 
take-up. It is apparent that it clarifies the fatliquor and that it gives a 
drier, or a less oily and greasy feel, to the surface of the leather. 

Increase of temperature diminished the absorption from soap, sulfated 
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castor oil, and mineral oil/soap emulsions, according to Schindler, Flasclmer 
and Klanfer. 61 

The influence of variations in pH value of the emulsion has been studied 
by several investigators. Slather and Lauffmann 66 found that alteration of 
pH had but little effect on fat absorption; however, Theis and Hunt 78 found 
a considerable dependence on the pH value of both leather and emulsion on 
fat take-up. Merrill and Niedercorn 37 found that less fat was absorbed by 
chromed calf skin from sulfated neatsfoot oil emulsions the more the leather 
was neutralized. However, in another case Theis and Hunt found, with an 
emulsion of a mixture of sulfated neatsfoot and raw neatsfoot oil, the optimum 
value for fat take-up at a pH value of 4.0. 

Influence of Pre-treatment of Leather on Fat Take-up 

Presumably the whole previous history of the leather to be fatliquored 
has an influence on the fat take-up. Only two steps in the tanning process 
have been scientifically investigated in this respect: the chrome tanning and 
the neutralization. Stather and Lauffmann 67 showed in their investigations 
of the behavior of hide powder that the chrome content of the hide powder 
and also the kind of chrome liquor used for tanning exerts no noteworthy 
influence on the extent of fat take-up. On the other hand, the fat take-up 
by weakly chromed hide powder was considerably more intensive than by 
unchromed hide powder. Concerning the effect of neutralization, Morrill and 
Niedercorn 37 have observed in investigating chrome calf leather that more fat 
is taken up from emulsions of sulfated neatsfoot oil when fewer acid groups 
are removed from the leather, which “take-up” was independent of the pH 
value. Also the kind of neutralizing agent proved to be unimportant. 
According to Schindler, 54 these statements are partly contradictory to prac¬ 
tical experience as well as to the findings of Theis and Hunt 74 ' 76 and the 
suggestion is made that possibly the observations of Merrill and Niedercorn 37 
hold for fat take-up from the emulsion itself, but not for the so practically 
important distribution of the fat in the leather, which certainly is not inde¬ 
pendent of the pH value and the kind of neutralizing agent. 

Distribution of Fat in Leather 

The first investigations of Merrill 38,36 covered the most important funda¬ 
mentals, namely: (1) the deposition of fat in fatliquoring occurs predomi¬ 
nantly in the outer layers; (2) increase in the amount of fat leads finally to 
penetration into the interior of the leather; (3) pH changes, if they influence 
the degree of dispersion in the fatliquors, are of importance for the fat dis¬ 
tribution. Further investigations of Merrill proved the importance of egg- 
yolk additions to fatliquor emulsions, ft was shown that egg-yolk additions 
noticeably influence the ratio of the amount of fat taken up by the flesh and 
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grain layers (Figure 202). As a result of some previous work, Wilson 81 ’ 82 
emphasized in the second edition of this monograph that the presence of an 
unfatted middle layer determined the quality of a leather with respect to its 
firmness, fullness, and strength. However, in 1934 Wilson 84 revised his 
theories and admitted that an entirely fat-free interior causes poor smooth¬ 
ness, poor break, and other harmful effects on such leather. Merrill found 
that drying does not influence the distribution of oil in the leather, which is 
contradicted by Schindler; 53 furthermore, it seems to be generally well under- 



Figure 202. Effect of egg yolk in the oiling of leather (Merrill). 


stood in the trade that there is a considerable movement of oil (especially 
neutral oil) into the leather during the course of drying. More recently 
Koppenhoefer and Retzsch, 30 in their thorough and comprehensive study, 
have demonstrated that there is a considerable movement and redistribution 
of fatty matter during the mechanical operations such as flexing and staking. 

Highberger and Moore 22 demonstrated that two types of movement of 
lipids in opposite direction occurred in heavy vegetable-tanned leather during 
the first rough drying, viz ., (1) movement of natural hide fat from interior to 
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grain surface producing stains, and (2) movement of added oil taken up by 
the wet surface layers from the oil wheel, toward the interior of the leather. 

Penetration of Fat into Leather 

This subject has received unusual attention and interest by many investi¬ 
gators during the past fifteen years, and has a direct bearing on the effect 
that fatliquoring has on the quality and characteristics of the resulting 
leather. The earlier works of McLaughlin and Theis 32,33 * 34 indicated that 
the various horizontal divisions of a hide or skin presented a distinctive 
deposition and arrangement of the natural fatty matter. This appears to 
have laid the foundation for later intensive research concerning the nature 
and amount of fatty deposition in the various horizontal layers brought 
about by the process of fatliquoring. 

Strather and LaufYmann 67 considered the distribution of fat where chrome 
calf leather was split into three approximately equal layers after fatliquoring 
with sulfated castor and neatsfoot oil. They found the distribution to be as 
follows: grain, 19 per cent; middle, 5 per cent; and flesh, 7(> per cent of the 
total fat absorbed. However, Wilson, Merrill and Daub 82 in 1927 were the 
first to demonstrate that in fatliquoring, more oil is absorbed and remains in 
the outer layers than in the middle layer of chrome calfskin. 

Theis and Serf ass 7 9 utilized the primary fluorescence of oils under ultra¬ 
violet light in a study of the penetration into skin of the oils used in fai- 
liquoring and oiling off. These workers showed the value of ultraviolet light 
for the microscopic study of the distribution of natural and added fat in an 
animal skin Fiom their work it appears that the added fat in a sample of 
fatliquored, chrome-tanned calf skin has penetrated approximately one-fifth 
of the total thickness into both grain and flesh layers, and that, this penetra¬ 
tion was more irregular on the flesh side. 

Henry 19 investigated the fat distribution in chrome leathers fatliquored 
with sulfated cod oil and found that: (l) the total absorbed fat is nearly 
independent of the degree of sulfation; (2) low sulfation of the oil results in 
better penetration of the leather by all constituents of the fatliquor; (3) sul¬ 
fated oils as well as neutral saponiliable fats and mineral oils, diffuse into 
chrome leather by replacement of the water lost during drying. 

On the one hand, the affinity for chrome leather is increased by higher 
sulfation; which favors fixation and enriching of the surface, while on the 
other hand by higher sulfation the oil dispersion is finer; this acts in the 
direction of increased penetration into the leather. In the present case the 
influence of the affinity increase predominated. 

The Combination of Oil Fractions in Leather 

The subject of penetration of fatliquor constituents into the various hori¬ 
zontal layers and the distribution and fixation of fatty matter in these divi- 
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sions was also extensively studied by Theis and his co-workers and later by 
Koppenhoefer and Retzsch. Theis and Graham 77 studied the fatliquoring 
of chrome-tanned calf skin with various mixtures of sulfated oils and raw 
oils. In the case of sulfated cod and raw cod oil they found that the portion 
of combined fat in the grain layer averaged higher than in the leather as a 
whole, and also that a portion of the neutral cod oil was combined. In the 
case of mixtures of sulfated and unchanged neatsfoot oil, they found quite 



Pfcr Cent Sulfated Oil 


Figmo 203 Free und combined bit in ehlome-tanned calf¬ 
skin fathquoted with sullated Neatbfoot oil-raw Neats¬ 
foot oil mixtures (Theis-Graharn,). 


different results, in that the grain layer had a smaller proportion of combined 
oil and also that there was no combination of the neutral neatsfoot oil with 
the leather. Figure 203 shows the percentage of free and combined fat in 
the dry, chrome-tanned calf skin fatliquored with sulfated neatsfoot oil/raw 
neatsfoot oil mixtures, according to the findings of these investigators, 

Koppenhoefer and Retzsch 30 made a thorough study of the problem of 
fatliquoring chrome-tanned calf skin with various sulfated oils and their 
fractions. Mixtures of sulfated, cod, neatsfoot and castor, with their respee- 
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tive raw oils and fractions were used in this study. They arrived at the 
following conclusions. (1) The sulfa ted portion of sulfated fatty oils—the 
sulfo oil**- functions only as an emulsifying agent in the fat-liquor and does 
not assist in the lubrication of the leather. (2) The sulfo oil fraction com¬ 
bines readily in the leather to become solvent-insoluble, and the combination 
of this chemical group accounts, almost entirely, for the combined oil of 



Figure 204. Effect of fatliquoring with sulfated cod oil-nwv 
cod oil mixtures on the oil distribution in the horizontal divi¬ 
sions (Koppenhoefer-Ketzsch). 


chrome leather fatliquored with sulfated fatty oils. (3) Raw oil, the neutral 
oil fraction of sulfated oils, and the free fatty acids are all capable of lubrica¬ 
tion of leather, and their efficiency appears to be in the order listed. (4) The 
difference in the distribution of neatsfoot, castor, and cod oil is capable of 
only partially explaining the character of the leather obtained. 

Figure 204 shows the total, free, and combined oil, as found in the three 
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divisions of chrome leather when fatliquored with the indicated proportions 
of sulfated cod oil and raw cod oil mixtures, according to these investigators. 
Figure 205 is a comparison graph showing the tear and tensile strength of the 
whole leather obtained after fatliquoring with the same mixtures of sulfated 
cod and raw cod oil. 



Per £**t Sulfated Oil 

Eiguro 205. Effect of fatlnpioimg with sulfated cod oil-raw 
rod oil mixt ures on the physical tests of calf leat her (Koppen- 
hoefcr-Rotzseh). 


Effect of Oil and other Factors on some Physical Properties of Leather 

It is well known that lhc kind and degree of tannage has a groat influence 
on the shrinkage', stretch, and tensile, strength of leather. However, it has 
also been found that the kind and amount of oil used has also a great bearing 
on the same physical properties of leather. 

Nelles 41 has made a fine study of the effect that fatliquoring has on the 
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most important physical properties of leather. He found that good penetra¬ 
tion of the oil gave increased suppleness and tensile strength, whereas a 
superficial penetration gave increased firmness. A shrinkage of 36 per cent 
in unoiled leather was gradually reduced with increased amounts of oil until 
it was 23 per cent when 10 per cent of oil was used. A comparison was made 
between sulfated neatsfoot and cod oils. Leather after neutralization was 
cut into similar samples, and treated with 4 per cent of each oil, at 70°, at 
pH values of 5.4, 6.9, 8.0, and 8.5 for neatsfoot, and 4.7, 6.0, 7.0, 8.0, and 8.5 
for cod oil. The samples were dried at 30°-35° and finished. 

They were tested for stretch and tensile strength after 24 hours, after 
storing for 15 days (25°), and after subsequent degreasing. The 24-hour 
tests showed that stretch increases with rising pH up to 8, and then decreases. 
Cod oil gave a little more stretch and a little less strength than neatsfoot, but 
this was not pronounced. After 15 days storage the strength and stretch 
increased slightly. These properties were not changed by degreasing, indi¬ 
cating that the effect was due to combined oil. 

Stuffing and Oiling 

These terms refer to the application of raw r oils and greases (often high 
melting point greases and waxes) to leather, either w T ct or very dry, according 
to the process used. Some tanners refer to a fatliquoring procedure, in which 
emulsified solid fats and greases are used, as “stuffing.” However, as used 
here, the term “stuffing” means the application of unchanged oils, fats and 
greases directly to leather. There are two general methods in common use: 
hand stuffing and drum stuffing of oils and greases applied to wet leather. 

The application of oils and greases to w T et leather is also commonly referred 
to as “currying.” Balfe 4 and his co-workers have studied the most important 
factors that control the currying process and our knowledge in this field has 
been extended very considerably by their work. They showed that the 
excellence of curried leather depends on the extent of fine splitting of leather 
fibers which the currying oil or grease produces. The absorption of the curry¬ 
ing mixture and the extent of fiber splitting depend on the; viscosity of the oil 
and upon the interfacial tension existing between the currying oil and the 
wet leather fibers. They also showed formation of solvent-insoluble fatty 
material during storage. 

Drum stuffing has the following advantages over hand stuffing; (1) greater 
speed; (2) uniformity of process both as to individual pieces and successive 
lots; (3) economy of greases; (4) heavier weights obtainable; (5) more water¬ 
proof leathern are possible. 

The “Burning-in” and the “Hot-Dripping” processes are applied to very 
dry leather. In these procedures it is extremely important that, the leather 
has been dried in a hot box for several hours; otherwise great injury may 
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result to the treated leather. The temperature commonly used in stuffing 
wet leather is about 50° (122° F), whereas in the “burning-in” or “hot- 
dipping” procedure temperatures upward of 90° (194° F) are used. The 
latter procedure has the advantages that much higher melting point fats and 
waxes can be used, that more fat can be incorporated in the leather, and that 
greater waterproofing properties can be imparted. The “burning-in” process 
involves placing the hot, dried leather on a table and pouring the hot, melted 
grease mixture on the flesh side only, thereby maintaining a good color on the 
grain. The “hot-dipping” procedure is accomplished by immersing the dried 
leather in a tank of the molten grease for about ten minutes. This gives a 
very dark colored leather. 

The oiling or “oiling-off” procedure is quite commonly resorted to for 
man}' types of both light and heavy leather in the wet condition. In can be 
accomplished by either hand or machine and is frequently done after the 
leather has been fatliquored and horsed up overnight. In tin* case of sole 
leather, oiling is accomplished in a drum together with other materials, as 
will be described later. Roehow 49 made an excellent study of the oiling of 
leather and stated that the function of water in this procedure is to separate 
and swell the fibers. Oil can be absorbed by the smallest fibrils because it 
wets them in preference to water. The fatty oils ami the corresponding 
fatty acids have more than twice as great a surface tension between the 
oil/air interface as between the oil/water interface. Mineral oils, however, 
show a surface tension about 1.47 times less between the oil/air interface than 
between the oil/water interface. This explains why fatty oils work so well 
when swabbed on wet leather and why the mineral oils when used alone 1 
give a stiller leather. 

Sole Leather Oiling and Finishing 

The oiling of various type of upper leather and light leather is usually a 
very simple operation by itself; however, in the case of sole leather, the oiling 
is accomplished in conjunction with various filling, bleaching and anti-acid 
materials that are drummed into the leather together with the oils used. 
It is very seldom that a solid fat like tallow* is used on sole leather, because 
it is very difficult to accomplish a clean take-up together with the heavy load 
of other materials. In determining the oil-wheel load for any given case it 
makes a great difference whether or not the procedure involves dry dipping. 
In the case of dry dipping, the sole leather is given approximately one-half the 
usual oil-wheel load the first time it arrives at that particular stage in the 
process. Then, after drying, it is taken back to the tan yard and immersed 
for about 50 minutes in the dry dip liquor made up of, for example, quebracho, 
syntan and spruce extract from 30° to 45° Barkometer (1,030-1.045 sp. gr.). 
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Out of the dry dip the stock is taken direct to the oil wheels for the second 
time. An illustration will be given of a sole leather oil wheel load as applied 
to a dry dip process. It is assumed that the stock lias been bleached in the 
usual manner and wrung very well, then weighed and taken direct to the oil 
wheels. 

For 1000 lbs of wrung sole leather backs the following load may be used 
as indicated before and after dry dipping. 



Tanner’s 

Corn 

Epsom 

Powdered 
Spiuro 
Extract 

Horic 

Sodium 

Mineral 

Sulfated 

Cod 

Haw 

Cod 

Wheeling 


Sugar 

Suits 

Acid 

Acetate 

Oil 

Oil 

Oil 

Compound 

(lbs) 


(JbH) 

(11,8) 

<11>h) 

(U«0 

(lbs) 

(Rill) 

(«al) 

deal) 

Before 

Dry Dip 

28 

14 

8 

l 

0 

1 

l 

0 

0 

After 

Dry Dip 

30 

10 

10 

3 

2 

1 

1 

1 

10 


The salts, powdered extract, boric acid and sodium acetate arc added dry 
with the wrung leather and the drum run 10 minutes. Then the sugar is 
run in through the gudgeon at 150° F and the drum run 15 minutes. Finally, 
the oils and the compound are run in through the gudgeon in an emulsion 
made with an equal volume of water, and the drum run 10 minutes more. 
The stock is then taken to the drip tunnel for about 18 hours, then hung in 
the drying tunnels where it is dried slowly with a large volume of air, as cool 
as possible, but ending up at the dry end at a temperature of about 110° to 
115° F. The time in the tunnels may take from 4 to 7 days. 

The crust stock is dipped in a 20° Bk. sour dip made up with 2 parts 
sugar and 1 part epsom salts and then sammied overnight. The stock is then 
sponged by swabbing at 140° F and rolled once, piled down and re-rolled, 
then dried. After this it is washed on grain only by pouring or pumping at 
110° F. The sponging or finishing solution and the wash solution as referred 
to above are made up as follows: 

Sponging Mixture 

20 ihs of Sponging Compound 

10 qts. of emulsified mineral oil 

(If kerosene is to be added, it should be mixed with the emulsified 
mineral oil,) The above boiled in about \ hbl of wafer, then made up 
to 50 gals and used at about 130 -140° F 

Wash or Pouring Mix 

10 lbs of Sponging Compound 
1-J qts of emulsified carriauba wax 

boiled in J bbl of water. Tallow, borax, sulfated oils, ete. may be 
used. Then make up to 50 gals and use at about 140° F 

A typical composition of a “sponging compound 0 as referred to above is 
as follows: 
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6,0()% Wool grease 

2.00% Tallow fatty acids 

2.00% Paraffin wax 

1.50% No. 1 yellow camauba wax 

7.00% Rosin * 

2.00% Glycerin 

5.00% 30° Be sodium hydroxide 
6.50% Coconut fatty acids 
2.00% Borax 
4.00% Gelatin 
0.40%- /3-Napthol 
1.00%; Sodium benzoate 
60.60 %, Water 


100.00%; 


Oxidation of Oils 

The subject of oxidation of oils is very important to the leather manu¬ 
facturer in considering and choosing the best oils for his particular needs. 
It is well known in the leather industry that oils are more susceptible to 
oxidation on chrome-tanned than on vegetable-tanned leather, ami it is 
generally thought that this is due to the catalytic action of the chromium 
salts. However, it is the writer’s experience that the reduced chrome salts 
as found in leather are weak oxidation catalysts as compared to iron, cobalt, 
manganese, copper, etc On the other hand the vegetable tannins function 
as moderately effective anti-oxidants. A study 4 '* has been made of a number 
of marine and vegetable oils and their relative oxidizability determined; it 
was shown that the free fatty acids oxidized more readily than the corre¬ 
sponding neutral oils. A study 15 was also made of the susceptibility of oils to 
oxidation on various tanned hide powders; it was shown that oils oxidize 
most readily on chrome tan, but that the vegetable tans offer considerable 
retardation, and that the pyrogallol tans retard oxidation more than the 
catechol tans. 

Fatty Spues and Resinification 

The term “spue” is used to designate any exudation of any material that 
was once in the leather and is later expressed to the surface !>}" either mechani¬ 
cal, physical, or chemical means. 

Whereas in most, cases spue consists of some form of fatty matter, never¬ 
theless such exudations often may be of some other nature. Inorganic salts 
may spue badly, and free sulfur from one source or another, such as the use* 
of hypo in chrome 1 leather, may form a very aggravated rase' of spue that 
spoils the appearance and finish of the leather and is very difficult to remove. 
High melting point waxes and hard soaps may cause spue. 

Fatty spues are of general occurrence and can come from either natural 
fats or added fatty matter. Moore 89 has studied spue on glazed kid leather 
and reported that this powdery type spue arises from lipid materials present 
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in the skins as received by the tanner, and that the most promising method 
of spue prevention, at present, seems to be the extraction of this lipid from 
the dry cured skins with a solvent. Many investigators have found that 
natural fat is frequently responsible for spue, and the reviewer knows of cases 
where the added fat made it possible for the natural fat to exude to the 
surface. Spues occur when the leather contains a sufficient amount of fats, 
loosely bound or in the free state, which can give either solid or resinous com¬ 
pounds. Almost all kinds of leather may show fatty spues under the many 
and various conditions necessary to bring this about. Natural fat often 
fulfills the conditions necessary for spueing, since it is often large in amount 
and is always loosely held and capable of giving solid products. 

The composition of fatty spues has been found to consist largely or, in 
some cases, entirely of free fatty acids. This might make it appear desirable 
to use materials entirely free from fatty acids. However, this is usually not 
possible. On the other hand, Innes 23 - 24 reports that analyses of spuey and 
non-spuey leathers indicate that the tendency to spue formation increases 
both with amount of free fatty acids present and their melting points. The 
spuey leathers examined contained over 4 per cent free fatty acids with a 
melting point above 25°. 

Stather and Sluyter 69 investigated resinous spues in vegetable leathers 
and found that these contained more free fatty acids than the fish oil used. 
Koppcnhoefer 27 showed the analysis of powdery spue collected from glazed 
kid skin leather to be as follows: 


Melting point (° C) 

48.0 

Acid value 

llfifi 

Saponification numl >er 

205.8 

Unsaponifiable 

2.3 

Cholesterol 

0.0 

Free fatty acid (calculated) 

56.0 


The same author found that solid acids represented 80 per cent of the total 
acids and that the epidermal lipids are not involved in powdery spue forma¬ 
tion. 

Balfe and Uryash 4 have investigated the resinous spues on vegetable- 
tanned leathers which had been curried with cod oil and found that these 
exudations are formed from the triglycerides and not from the fatty acids of 
the oil, since the free fatty acids in the spues and gums are formed by the 
oxidation at the double bonds of unsaturated radicals and not by hydrolysis 
of triglycerides. This is shown by the increases in the saponification values 
above the normal range of 185-195 for cod oil. They drew the conclusion 
from these investigations that the gummy spue on vegetable-tanned leathers 
is a polymerized oxidation product of cod oil. It is generally well understood 
in the trade* that powdery spues are not caused by cod oil. Balfe* 3 found that 
the removal of water-solubles from vegetable-tanned leather favored spue 
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formation, and that such spue occurred more readily on leathers tanned with 
catechol tannins than on the leathers tanned with pyrogailol tannins. Since 
this type of spue is caused by oxidation, Haifa's findings are in agreement 
with the reviewer's 46 work on oxidation, in which it was found that pyrogailol 
tannins retard oxidation of oils more than the catechol tannins. Balfe 
suggests the addition of pyrogailol tannins as an antioxidant; however, the 
reviewer believed that there are many commerical antioxidants available 
that are more effective than any natural tannins. 

Balfe 3 also investigated the effect of free fatty acids in the oils used. A 
series of twelve cod oils, of free fatty acid contents ranging from 6 to 22 per 
cent, were impregnated into vegetable-tanned leathers which had been 
thoroughly extracted in water and dried before dipping in the oil. The 
results showed that the oils with low free fatty acid content tend to spue more 
rapidly than those of higher acid content. The more saturated the free fatty 
acids the more effective they aie in preventing spue. This, of course, refers 
to the gummy resinous spue, not the powdery spue. 

The mechanism of exudation or the reason why some fatty matter is 
expressed from the interior of the leather to the surface has been the subject 
of much conjecture and some study. The above investigators 4 have reasoned 
that the exudation of gummy spue is due to the fact that the polymerization 
which occurs during the oxidation of the cod oil gives rise to a lattice-like or 
three-dimensional molecular structure, which (‘an neither form nor exist in 
the presence of the three-dimensional fibrous structure of the leather. Hence, 
if the tendency to lorm this lattice is sufficiently great, the oxidized oil must 
go to the surface, since this is the only place where the lattice can form freely. 

Formation of Resinous Spues 

Balfe 4 gives the following analytical results of vegetable-tanned leather, 
and a discussion of the cause of spueing or of its absence in each case. 


Table 327 


Sam plo 


Or eiiso 
m leather 

Wator-solubloH 
m dojrreasod 
lottthoi 

Free 

fatty acids 
in groasc 

No 

Typo of Toal.hor 

(%) 

(%> 

<%) 

1 

Belting leather, spued 

17.7 

5.3 

9.6 

2 

Belting leather, not spued 

14.2 

13 9 

62.8 

3 

Belting leather, not spued 

Belting leather, spued 

15.0 

7.1 

54.0 

4 

15.9 

G7 

56.0 

5 

Belting leather, spued 

17.4 

8.8 

24.8 

6 

Strap feather, spued 

Rough dried vegetable tan heavy 
leather, spued 

25. G 

4.5 

46.9 

7 

3.8 

2.0 

13.4 

8a 

Curried vegetable tanned upper, spued 

18.9 

7.6 

40.4 

8b 

As 8a free from spue 

19.5 

9.2 

47.9 

9a 

Black harness leather, spued 

37 3 

4 5 


9b 

As 9a free from spue 

28.2 

7.8 


10a 

Combination tannage, spued 

34.2 

G.2 

13.2 

10b 

As 10a free from spue 

32.8 

10.5 

13.4 

11 

Kip, spued 

20.0 

14.0 

17.2 
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With the exception of numbers 7 arid 11, all the leathers were curried with 
dubbin. 

Sample No. 1, In this case' the water-solubles and free fatty arid con¬ 
tents are insufficient to prevent splicing. 

Sample No. 2. In this ease the water-solubles and free fatty acid con¬ 
tents are sufficient to prevent spucing. 

, Sample No. 3. Though the water-solubles content of this leather is low, 
it. contains enough free fatty acids to prevent spucing. 

Sample No. 4, The water-solubles and fatty acids in this leather should 
be sufficient to prevent spue; however, the sample had been exposed to 
sunlight, which presumably was the chief cause of spue. 

Sample No. 5. The areas free from spue contained 0.1 per cent iron, 
whereas the spued areas contained 1,0 per cent iron, which is the main cause 
of spue in this case. 

Sample No. 0. Spucing occurred on account of the low water-solubles 
and high grease content. 

Sample No. 7. Spue occurred because of low water-solubles, notwith¬ 
standing low grease content. 

Samples No. 8a and 8b. The differences in iron, water-solubles, and 
free fatty acids between the two leathers, though small, explain why one 
spued and the other did not. 

Samples No. 9a and 9b. Sample No. 9a spued because it contained more 
iron and grease and less water-solubles than 9b. 

Samples No. 10a and 10b. The greater amount of water-solubles in 10b 
has prevented spucing on this leather. 

Sample No. il. The grease extracted from this leather was of gummy 
consistency, had saponification value of 245, and contained 21.8 per cent of 
oxidized fatty acids. This indicates that the leather had been curried with 
cod oil only, and that the water-soluble and fatty acid content are not suffi¬ 
cient to prevent spucing of the large amount of cod oil in the leather. 

In 1887 Eitner evolved a theory suggesting an explanation of the forma¬ 
tion of resinous spues on leather. According to this theory, the finely divided 
unsaturated oil, on the fibers of the leather, absorbs oxygen, and the resulting 
oxidation and polymerization products are then expelled through the pores 
to the surface in the form of sticky drops by the action of heat and volume 
alteration. 

Schulgin 62 has investigated many theories suggesting explanations of the 
formation of fatty crusts or solid powdery spues, and comes to the conclusion 
that the question as to why only fatty acids are expressed to the surface 
of the leather remains unanswered. He further reports that investigations 
on solid fatty spues by the Ukrainian Leather Institute have led to the follow¬ 
ing results: (a) The danger of solid fatty spues is not prevented even by 
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the use of fats of the best quality which are low in tallow content, (b) If 
leather is treated with solvents to remove fatty spues, no positive results 
are obtained, (o) The best and most lasting effect was obtained with birch 
tar oil, (d) It was found best to subsequently dry the spued leather, (e) The 
formation of solid fatty spues can be prevented if the leather is hot-dipped or 
stuffed by the “buming-in” process. In the last case, Sehulgin suggests that 
the fat is in the form of a “fat-gel” impregnated into the fibrils, whereas, in the 
case of fatliquoring the fat is between the fibrils in the form of an “aquo-gcl.” 

The natural hide or skin fat and its changes duiing the preparation of the 
leather has been studied by various investigators. Innes 24 has pointed out 
that the natural fat occurs predominantly in the fatty cells lying in the net¬ 
work under the grain layer. Thorough investigations by O'Flaherty and 
Roddy, 42 which make use of histological-microscopic methods, confirmed 
limes’ findings and also that part of the natural fat has emerged from the 
cells. Inncs states that there is a splitting of the natural fat by enzymes 
inherent in the skin. Theis 73 observed, even during soaking, a splitting of 
the natural fat, while (fFlaherty and Roddy found no splitting in the soaks. 
Sharpening agents in the soak facilitate splitting, according to Moore and 
JFIighbcrger. 10 The above investigators have also studied the changes and 
removal of natural fats occurring in both the limes and the bate. Concerning 
the latter there is considerable contradiction; however, Schindler assigns to 
bating a large influence in the removal of natural fat, all of which has an 
important bearing on the tendency or freedom from spue of die eventual 
finished leather. 

The fat-combining ability of (1) leather, and of the (2) hide-chrome com¬ 
plex, and of (3) the chrome salts, all have a bearing on the tendency of such 
leather to spue. Various investigators 51 ’ 5 '' have shown certain possibilities 
as (a) formation of compounds between fat and the hide or skin, (b) the entry 
of the fatty matter into the skin-chromium complex, (c) and the formation 
of chromium fatty acid compounds. Then are also intermediate stages 
between solvent-resistant combinations and capillary absorption. Capillary 
forces can be strengthened to approach residual valency forces, and the 
possibilities of spueing are greater when there is merely capillary absorption 
than when there is firmer combination. 

Distinction between spue on chrome leather and that on vegetable-tanned 
leather should be clearly outlined. Several references have been made in 
this section to the powdery or solid type of spue on chrome-tanned leather 
and the resinous or gummy type of spue on vegetable-farmed leather, and 
attention should be called to the different typos of oils generally used on these 
two kinds of tannages. On chrome leather it- is common practice to use 
neatsfoot oil and soap, or sulfated ncatsfoot, either alone or with raw neats- 
foot, or sulfated sperm oil or various vegetable oils, all of which can replace 
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the solid natural fat, which may come to the, surface as a powdery spue. These 
same oils may in some cases be the primary cause of powdery spue, but not 
the resinous kind of spue* which comes from the un saturated fish oils so 
commonly used on vegetable leather. It is not common practice to use 
sulfated or raw fish oils on chrome leather unless such oils are blended with a 
substantial amount of mineral oil, which incidentally retards or prevents 
oxidation and spue. Schindler reasons that the capacity of chrome leather 
to bind fat in the capillary form is diminished by the entry of polar com¬ 
pounds into the complex; therefore highly sulfated oils may cause spueing 
leather. 

A brief review is given of many factors, physical and chemical, that govern 
or influence formation of fatty exudations. 

(1) Stather and Laufmann 68 found that ultraviolet light had a great 
effect on the oxidation of cod and shark liver oils, which manifested itself 
more by an increase in specific gravity and formation of oxyacids than by a 
drop in the Iodine Value. 

(2) High heat (within the range of safet 3 T ) has a tendency to fix the 
unsaturated fatty acids and thus retard spue. However, a fluctuating tem¬ 
perature, varying from above the melting point to well below the solidifying 
point of the solid fat, has a tendency to bring about formation of the powdery 
type of spue. 

(3) The tendency to spue formation is increased with high iclative 
humidity at a cool temperature, or especially if the leather is wet and dries 
in a cool atmosphere. 

(4) Embossing or smooth plating at a hot temperature and high pressure, 
even though momentary, can melt and force to the surface solid fats or finish¬ 
ing w^axes which will later crystallize and form a powdery spue. 

(5) Various finishes such as seasonings and pigment finishes may cause 
spue if they contain hard waxes, especially if the leather is embossed. 

(6) The free sulfur deposited on the fibers in the leather from the use of 
hypo in chrome tanning is more likely to crystallize on the surface if the 
leather is embossed. 

(7) The liberation of moisture in the leather during smooth plating or 
embossing can cause spue. 

(8) Insufficient neutralization of chrome leather can cause spue. 

(9) The added fat can replace the solid natural fat or serve as the vehicle 
by means of which the solid fat can come to the surface. 

The effective prevention of spue, which is a perpetual question in the 
tanning trade, can only be generalized on. It is self-evident from the dis¬ 
cussion of this problem given above that the removal of as much natural fat 
as possible by various means, and the elimination of the many other factors 
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that contribute to the formation of spue after the leather is finished, will do 
much to alleviate this very annoying and often serious problem. 

This chapter should properly end with a detailed correlation of the kind 
and amount of the oils and fats used and the resulting physical properties 
obtained in the finished leather. However, this is not possible as yet because 
there is not sufficient information available in the literature of leather to make 
such an undertaking feasible. 
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Chapter 25 

Physical Testing Methods 

The American Leather Chemists Association and the leather committee 
of the Federal Specifications Executive Committee have been diligently at 
work during the past five years, developing and improving methods for 
measuring the physical properties of leather. It is not surprising, therefore, 
to find that the treatment of this subject in the second edition of this mono- 
graph has become inadequate for meeting present demands. 

Much emphasis is now being placed on the need for this kind of informa¬ 
tion, in Contradistinction to information about the purely chemical char¬ 
acteristics of leather, which was formerly thought to be the sole end of testing. 
This is set forth in detail in Part A of this Section. 

The number of specimens to be tested was formerly a figure chosen 
empirically and haphazardly, such as, “Test three samples per carload” or 
“Two per cent of the number of pieces in the shipment.” The application 
of statistical theory as developed within the past ten years now enables us to 
compute the number of specimens which must be tested if wc are to 
have a specified degree of assurance of the eonectness of the result. In Part 
P, it is shown that in general we should test not loss than seven specimens, 
and need not test more than 20. 

Part C tells how the effect of water in the leather can be accounted for. 
This effect does not vary in proportion to the amount of water, nor does water 
have the same effect on different properties. It is therefore necessary to 
“condition” leather before testing it, by bringing it into equilibrium with a 
standard atmosphere. 

Part T) gives verbatim transcripts of 17 methods which have been prepared 
by the two groups named above. In each case, the latest, wording is given, 
whether the method has been officially adopted, whether it is provisional or 
tentative, or whether it has merely passed the first stage of committee 
acceptance. 

Finally, attention is called to the fact that these methods will be subject 
to continual changes for years to come. The present methods will be altered, 
and new' methods will be developed, as we benefit from the research w r ork now 
under way. 
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A. Reasons fob Making Physical Tests 

Before describing the methods themselves, it is worth while to discuss the 
purpose of testing. What is to be accomplished by means of the tests, to 
justify the expense of making them? 

Leather may be tested to find out whether or not it conforms to the 
description included in the purchase contract. Does it meet the requirements 
of the specification which is the basis on which the buyer and seller have 
agreed to do business? 

It may be tested to provide data for purposes of design. If plans are 
being prepared for an article which contains an element of leather under 
tension, what must be the size of the leather piece to withstand the predeter¬ 
mined tension for the predetermined time? 

Leather may be tested to determine its suitability for a given purpose, or 
to compare it with another piece of leather or with a similar piece of some 
competitive material. 

The fact that testing costs money must never be lost sight of. The buyer 
of the leather always pays for the testing, whether he knows it or not. In 
every case, he must answer the question: Will the information obtained from 
the test be wort h the cost of getting it? 

The cost of testing must, include such items as the charges for the capital 
investment in expensive laboratory equipment, the; labor cost, of trained 
personnel, the cost of the material destroyed during the testing, and the cost 
of issuing the report and perhaps servicing it by court testimony. It. there¬ 
fore follows that the methods should be designed to use ordinary equipment 
wherever possible, that the tests should be simple and rapid, and that the 
sample should be taken in such a way as to conserve the value of the piece 
sampled. 

Assuming that the testing machines are kept carefully calibrated and in 
good working order, and that the testing is done with reasonable skill, the 
value of the information obtained will depend on the interpretation of the 
data and on the adequacy of sampling. 

The leather industry has been built up on the basis of chemical tests. 
Tanning is a chemical engineering process, and tanneries are therefore 
equipped with excellent chemical laboratories, which are necessary for 
adequate plant control. Moreover, there are, some experts in the industry 
who have sufficient skill and experience so that they can tell, from a study 
of the chemical composition of a piece of leather, just about what the leather 
is like. In the usage of leather, we are, however, interested mainly in the\ 
physical, and not the chemical characteristics. 

In most cases then; is no definite quantitative relationship between the 
chemical composition and the physical properties of leather. For example, 
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we have reason to believe that too much water-soluble material in sole leather 
will decrease its durability, but when tests are carried out to loam how much 
is “too much,” the data are disconcertingly conflicting. 

If we are interested in the durability of sole leather, why not measure it 
directly, rather than analyze the leather to determine its chemical composition 
and then try to interpret the results in terms of durability? 

Physical tests are to be preferred to chemical tests in all such cases, where 
the customer is directly interested in the performance of the leather. True, 
the kinds and amounts of the chemical constituents may be the determining 
factors which cause the leather to have certain properties, but the customer 
is more interested in the properties than he is in what causes them. 

Before deciding whether or not to have any testing done, the customer 
should have clearly in mind just what information he can get, and, more 
important, what information he cannot get, from the data. 

While the pl^sical properties of leather may in general be regarded as 
characteristics inherent in the material, nevertheless the measured values 
are importantly affected by the shape and size of the finished article and of 
the test specimen. The length of time during which the property is utilized 
will also affect its numerical value. For example, one may find that a certain 
lot of leather has a “tensile strength of 2,500 pounds per square inch.’* This 
information was obtained by breaking several pieces of leather, each \ inch 
wide by J inch thick, at a temperature of 70° F, and having a moisture content 
in equilibrium with air at 05 per cent relative humidity, the load being applied 
at. such a rate as to break the leather in less than a minute. One might, 
conceivably extrapolate this information to mean that a piece of the same 
leather ] inch thick by 2 feet wide ((> sq in) could sustain a load of 15,000 
pounds (0 X 2500), for a year exposed to the weather. Such an extrapolation 
is certainly unjustifiable and might lead to dangerous conclusions. 

The result of any physical test must be considered with full information 
about the way in which the test was made. Experience is required to inter¬ 
pret the test data in terms of useful information. 

But the greatest value of physical testing methods to the leather industry 
lies in their use as tools for research. They enable one to ascertain whether 
or not an experimental change in the tanning process causes a real improve¬ 
ment in the quality of the leather. A careful study of the effect of well- 
planned physical or chemical treatments on certain physical properties can 
bring to light facts about the structure of the leather and thereby increase 
our basic knowledge. 


B. Sampling 

The physical testing of leather usually involves the destruction of the 
pieces tested. Obviously one cannot test all the pieces delivered. It is 
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therefore necessary to select a certain few to be tested, so that the results 
will bear- a sufficiently close relation to the results which would have been 
obtained if all had been tested. The care with which this selection is made is 
one of the factors which determines the value of the tost data. If the sample 
does not adequately represent the lot, the 4 , test data will be of dubious value, 
and may well be misleading. 

It is obvious from the above that we must have enough samples to repre¬ 
sent the lot. Consideration of the cost of testing dictates that we shall test 
no more samples than necessary. The number to be tested is therefore quite 
critical. Statisticians have developed a way of computing this number. 1 

The method is based upon certain assumptions, which are probably not 
strictly correct- for leather. Hut the final result is reasonable and practical, 
even if not entirely accurate. The method is expressed by tin* formula 


where 

v ** number of specimens to be tested 
T ~ probability factor 
O *■ standard deviation, in per rent. 

E * allowable random sampling emu of the average m pm cent 


The standard deviation must- be computed from a comparatively large 
number of tests of the 1 material if it is to be accepted as reliable. It is the 
square root of the average of the squares of the deviations of the lost results 
from their average. Both the property and the material must be specified: 
one may speak of the standard deviation of 1 lie 1 tensile strength of sole leather; 
one would expect the standard deviation to be different for the stretch of sole 
leather, or for the tensile strength of light leather. The standard deviation 
will also change with location in the hide with different tannages, and with 
similar factors, which will be considered later. For the present, it must be 
assumed that enough tests have been made to establish the standard deviation 
as a fixed property of the leather under consideration. 

The values of E and T have nothing to do with test data; they must, be 
selected by the operator on the basis of his judgement and of the economics 
of the case. For much leather testing it has been agreed that results will be 
satisfactory if the changes are 9 to 1 (probability factor for 9 to 1, T « 1.945), 
that the average value found from testing the samples is within =*= 10 per cent 
(allowable error, E ~ 10) of that which would have been found if all the 
leather had been tested. Those values of T and E can therefore be inserted 
in the above formula, if one is satisfied with those conditions. 

A study of the formula reveals the fact that if we want an assurance of 
'09 per cent (T ~ 2.58) rather than the 90 per cent used above, we must test 
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1 045 2 ’ 01 lloar * y times as many samples. If the result is to be within 5 per 

cent rather than the 10 per cent assumed above, proportionately mon; sam¬ 
ples must be tested. 

It is well known that the physical properties of leather vary with the 
location in the hide. The flabby portion of the belly may differ from the 
firm portion over the kidneys by 50 per cent or more of the average for the 
whole hide. Different hides will have different properties, even when tanned 
by the same process, and the use of different tanning processes brings in 
another variable. 

When sampling for chemical analysis, it is customary to cut samples 
from three 1 locations in each hide, so chosen that the average composition of 
the three will closely approximate the composition of the whole hide. This 
logic seems faulty when an attempt is made to apply it to physical testing. 
There would seem to be no reason why anyone would bo interested in the 
average tensile strength of a whole hide. Leather is not used that way. 
Rather, it is necessary to know how the tensile strength varies throughout 
the hide, and select, for use that portion which has the desired strength. 
Testing is then conducted to show whether or not this hide is at least as strong 
as desired. For this purpose, it is more logical to take one specimen from a 
predetermined location in each hide, and assume that the percentage variation 
will be about the same throughout each hide. In testing a car-load of 
leather belts, it is obvious that more information will be obtained by testing 
one sample from each of ten belts rather than ten samples from one belt. 

Reek and Hobbs 2 had at their disposal many years’ accumulation of test 
data on the tensile strength of heavy leather. They were therefore able to 
make an intensive study of the variations in the standard deviation within a 
bend. When the average value was inserted in the equation given above, 
with due regard to engineering judgment in the use of the equation, they 
developed three* conclusions which have been generally accepted by the Federal 
Specifications Committee. 

(1) Not more* than one test specimen should be taken from any piece of 
leather. The reason for this has just been explained. 

(2) No matter how small the lot of leather, at least 7 pieces should bo 
sampled and tested. Ff there are not seven pieces in the lot, or if the cost of 
testing is too great in comparison with the cost of the lot, it is better to 
waive the testing. 

(3) The additional information which can be obtained by testing more 
than 20 samples from a single lot. is so small as to be not worth while. There¬ 
fore 20 samples may be taken as a maximum, regardless of the size of the lot 
being sampled. The above reasoning has It'd to the development and tenta¬ 
tive approval of the following method. 
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Federal Specifications Executive Committee Sampling Leather for Physical Tests 81 

(Proposed 1943) 

Number of pieces in sample. From any shipment of leather products, the number of 
pieces shown in Table 328 shall be taken, so selected that they will be fairly representative 
of the shipment, 

Table 328 


No pieces 
in shipment. 

100 or less 

101 to 250 
251 to 500 
501 to 1000 

1001 to 5000 
5001 to 10,000 
over 10,000 


No. pieces to be taken 
as sain pies 

7 

9 

10 

12 

16 

17 

20 


Note: The average of the test results from specimens cut from fewer than 7 pieces 
cannot be expected to give a fair picture of the quality of the lot. The testing of specimens 
from more than 20 pieces does not give sufficient additional information to be worth while. 
Each test specimen should be cut from a different piece. When, m the judgment of the 
purchaser, the size of the shipment is too small to justify the testing of seven specimens, 
the testing may be waived. 

Location and size of specimens. Leather samples for use m making physical tests 
shall be cut as directed below: (see Figure 206). 

Determine the amount of material needed by adding together the requirements for each 
test to be run. 

(1) For skins, hides, sides , crops and backs' cut the test specimen approximately square 
and as large as needed with one edge parallel to and 1" in from the backbone line. Out from 
tail to head beginning at a point distant from the root of the tail one-sixth of the length 
of the piece (Ah 

(2) For bends: cut the test, specimen approximately square and as huge as needed 
with one edge parallel to and 1” in from the backbone line. Out fiom tail to head beginning 
at a point, distant from the root of the tail one-fourth the length of the piece (H;. 

(3) For tolling butts' and belting butt bends: cut a strip 2" wide the full length of the 
butt or bend, so located that its long-dimension center line is parallel to the backbone and 
half way =*1" (C) between the backbone line, ami the belly edge. Out specimens for 
physical tests from this strip at a location beginning one-fifth the distance from tail to 
shoulder (D) and extending forward as required to obtain the desired number of test pieces. 

(4) For bellies: cut the test specimen 2" wide and as long as needed with one long- 
dimension edge parallel to and 1" in from the belly lme and m such manner that one end 
falls on the line dividing the “hind shank” from the “belly center.” 

(5) For double shoulders' cut a test specimen 2" by as long as required, with one long- 
dimension edge parallel to and on the cut edge and located in such manner that its center 
is equidistant from the back bone and the belly edge. 

C. Conditioning 

The physical properties of leather are directly related to the amount of 
water which it contains, which is normally of the order of 10 per cent. This 
amount is not constant; it is continuously varying with the changes of relative 
humidity in the air surrounding the leather. The water in the leather 
constantly exerts a pressure, trying to get out; and the water in the air 
constantly exerts a pressure, trying to get in. When these pressures are 
equal, water goes out of the leather at the same rate that it goes in and the 
system is said to be in equilibrium. 

Unless artificially controlled, the relative humidity of the air varies 

11 Credit for this method is due largely to J. 8. Rogers, II. 8. Dept, of Agriculture. 
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continuously. It may approach 10 per cent in a heated room in the winter 
or go to about 90 per cent in the same room on a rainy day in summer. Leather 
in equilibrium with the air may thus contain anywhere from 7 to 30 per cent 
of water, and its tensile strength may vary from 4900 to 5200 pounds per square 
inch, solely because of this variation in the water content. 6 

For ordinary routine testing, it may well be that this variation is not of 
sufficient importance to justify the installation of expensive equipment to 
bring the humidity under control. But for research work, or for referee test¬ 



ing to settle disputes, the matter may not be overlooked; it is necessary that 
the leather he brought to some predetermined standard of moisture content 
before it is tested. 

In air at 90 per cent relative humidity, a piece of chrome-tanned leather 
may contain 38 per cent of water, while a piece of vegetable-tanned leather 
right beside it may contain only 25 per cent. To adopt a rule that the 
leather shall be conditioned until it contains x per cent of water might require 
an atmosphere of different relative humidity for each sample. It would 
certainly require previous analysis of the leather, computation of the weight 
the specimen would have when it contained the x per cent of water, and many 
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and frequent weighings to find out just when the correct weight was reached. 
A more important argument, however, is that different leathers are not 
brought to the same water content when used, and therefore should not be 
when tested. 

To overcome this objection, and to make the conditioning method prac¬ 
ticable, it has been generally agreed 1o bring the leather into equilibrium 
with a standard atmosphere, and let the water content be what it will. 

This method is still not entirely practicable, for to bring the leather into 
equilibrium, if taken literally, may require a very long time. The rate at 
which leather will take up water from the air will depend partly upon the nature 
of the leather and how hard it has been rolled; partly on its chemical com¬ 
position and how much grease it contains. The rate of attaining equilibrium 
is also dependent upon its thickness. The effect of the above factors, and 
others not enumerated, is that the water content of the leather will approach 
asymptotically that required for true equilibrium. 

The practical answer to the above problem is to specify that the leather 
shall be considered to be in equilibrium with the standard atmosphere' when 
its weight remains practically constant (within ^=0.1 percent) fora reasonable 
length of time (one hour). 

One must remember the “hysteresis effect/’ however. The leather will 
contain more water when brought into equilibrium from the overwet condition 
than it will when it is too dry to start with. 

There remains only, therefore, selection of the standard atmosphere. 
Many arguments are presented as to why one set of conditions is better than 
another set, but the fact remains that there is no theory which can be brought 
forth to support the selection of any particular conditions, within wide 
limits. Some people prefer high humidity localise, when tested in such an 
atmosphere, the leather will have higher strength, and they want the results 
to be impressive. Others prefer low humidity, claiming that the operating 
cost of the conditioning equipment is less. Still others want to test leather 
in the same atmosphere as that now required for some other material, such 
as textiles, so that the same conditioning room can be used for both. This 
last group is the dominant factor at present; the standard atmosphere for 
testing leather is fixed at 05 per cent relative humidity and 70° F because 
this is the atmosphere which has been used by the textile industry for many 
years, and many commercial and governmental laboratories which are 
equipped to test textiles are now called upon to test leather. It must be 
emphasized, however, that the conditions selected have; no basis other than 
an agreement, within the industry. 

Laboratories not equipped with a room with humidity control may condi¬ 
tion the leather in a desiccator over a saturated solution of cobalt chloride 
if a few precautions are observed. The salt solution must be saturated, as 
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shown by the presence of undissolved salt, and the temperature must be 
closely controlled. In order that the water content of the leather shall not 
change during the process of transferring the specimen from the desiccator 
to the testing machine, this transfer should be made as quickly as possible, 
and the atmosphere surrounding the testing machine should not be too 
different from the standard atmosphere. 

A.L.C.A. Method of Conditioning Leather for Physical Tests 

(Adopted as Official, 1941) 

Samples shall be conditioned prior to testing in an atmosphere of 65 per cent *2 per 
cent relative humidity and at a temperature of 70° =* 5° F until they have reached equilib¬ 
rium, and shall be tested m that atmosphere. Samples shall be considered as having reached 
equilibrium when weighings made at hourly intervals show no progressive change in weight 
and no change greater than ^0.1 per cent. In general, at least 24 hours will be required 
to reach equilibrium. 

If a conditioning room is not available samples may be conditioned m a desiccator or 
suitable chamber and removed therefrom one at a time and tested, provided: That the 
test is completed within 10 minutes and that the atmosphere in the room in which the test 
is made is not loss than 50 nor more than 05 per cent relative humidity and not less than 
05 c nor more than 75° F. 

The required relative humidity in the desiccator or chamber may be maintained with a 
saturated solution of cobalt chloride or a 36 per cent solution of sulfuric acid, the former 
being preferable. 


D. Methods of Testing 

Area and Thickness. A hide is quite irregular in outline and to measure 
its area with a rule would be extremely laborious. Commercially, such areas 
are measured with an integrating device. The hide is passed over one large 
roller and under a battery of smaller rollers. The smaller rollers register 
when raised by the hide. The machine notes how long each roller has 
been raised from its zero position, adds the data together, and gives the 
answer in square feet. It is necessary to calibrate these machines and for 
this purpose (and for referee tests) a planimoter is recommended. 

In measuring the thickness of leather the precautions which apply to all 
easily compressible materials must be observed. 6 Most devices for measuring 
thickness involve applying a load to the specimen, or pinching it between 
two jaws. The pressure makes the leather thinner. Reproducible results 
can be obtained, therefore, only when this pressure is carefully controlled. 
Since the “thickness’’ is thus seen to be a function of the pressure used in 
measuring it, everyone must agree to use the* same pressure, else the thickness 
will be quite indefinite, 

There are two devices in general use for measur ing the thickness of leather. 
One consists of a pair of jaws connected through a hinge and held together 
by a spring. The specimen is flinched between the jaws, under the pressure 
exerted bv the spring. This device is commonly used in tanneries. It 
enabled one to measure the thickness of the hide six inches or more in from 
the edge. The other device is a dead-weight micrometer, for measuring the 
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thickness of test specimens in the laboratory. This consists of a horizontal 
anvil on which the specimen is laid. The pressor foot is lowered onto the 
specimen, and exerts a predetermined pressure. 

In both devices, the readings are magnified. In the spring gage, the 
smallest scale division is one-half of one sixty-fourth of an inch; in the 
micrometer, it is one-thousandth of an inch. 

The leather industry has inherited a peculiar jargon: the thickness of 
heavy leather is usually expressed in irons, one iron being one forty-eighth 
of an inch. The unit of thickness of light leather is the ounce, equal to one 
sixty-fourth of an inch. In the laboratory, however, test specimens are 
measured in thousands of an inch. 

Because each graduation on the spring gage is one-half of one sixty-fourth 
of an inch, tanners have come to speak of the thickness of leather to the 
nearest half-ounce, and figures of this order are found in specifications. One 
should remember that the thickness of a piece of leather is dependent on the 
pressure used in measuring it, and that neither surface of the piece* is smooth 
and plane. To specify thickness to y^th of an inch is manifestly absurd. 

The moisture content of the leather has a significant effect upon its 
dimensions. The leather must be conditioned when measured. 

A.L.C.A. Methods for Measuring the Area and Thickness of Leather 
(Official- 1941) 

Width and length of test specimen: Width and length shall he measured with a steel 
scale graduated to fiftieths of an inch, and the dimension shall he measured to the nearest 
half division. 

Thickness of test specimen: Thickness shall be measuied with a dead-weight type 
of gage equipped with a dial graduated to read directly to one-thousandth of an inch 
The presser foot shall be circular with a diainetei of three-eights of an inch (-*= one thou¬ 
sandth inch). The piesser foot and moving parts connected therewith shall he weighed 
so as to apply a total load of 2(X) grams 2 grains to the specimen. Thickness shall be 
measured to the nearest thousandth of an inch. 

Thickness of commercial units: For measuring the thickness of commercial units, 
but not of test specimens, a spring actuated gage shall be used. This shall be graduated 
to read duectly to one-half of one sixty-fourth of an inch The, contact foot shall be 
five-sixteenths of an inch m diameter. The spring shall be so adjusted that it will exert a 
total load on the foot of one pound when the gage reads one thirty-second of an inch, and 
two pounds when the gage reads three-sixteenths of an inch. 

Area: For the precise measurement of the area of a large piece of irregular shape, or 
for the calibration of a commercial leather measuring machine, a planimeter shall be used. 
This shall have a tracer arm appioximately forty inches long. Trie measuring wheel shall 
lx? graduated to read directly to one-fourth of a square foot, and spaces between graduations 
being about one-tenth inch. The measuring w heel shall have a capacity of ten square feet, 
and the planimeter shall he equipped with an auxiliary wheel so that the total capacity of 
the instillment is at least forty square feet. Measurements shall be made to the nearest 
twentieth of a square foot. A vernier scale may be attached to the planimeter to facilitate 
reading. 

Tensile Strength. The; tensile strength of leather is of obvious importance 
in connection with such uses as transmission belting, harness, etc. In other 
eases, where its importance is less obvious, it is nevertheless a valuable 
criterion for judging the quality of the leather. 
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While tensile strength should probably be considered to be an inherent 
property of the material, like specific gravity, we must not lose sight of the 
fact that the figure for tensile strength as determined by testing is dependent 
to a large extent on the various factors which must necessarily accompany 
the making of the test. 

The quantity of water which the leather contains at the time it is tested 
has, as indicated above, an important effect on the strength. Tensile speci¬ 
mens must be conditioned. 

The shape and size of the specimen will determine the way in which the 
stress is distributed and will therefore affect the test results. There are three 
kinds of specimens in general use. 

Heavy leathers are cut into dumb bell-shaped specimens, as shown in 
Figure 207. A steel die must be used for cutting these specimens, and the 
cutting edges of the die must be straight on the inside and tapered on the 


6 " 



Figure 207. Shape of specimen for testing strength and stretch. 


outside; otherwise there may be a difference of 10 per cent or more in the width 
of the tw'o sides of the specimen. The peculiar shape was intended to con¬ 
centrate the stresses in the narrow portion of the specimen. This ideal has 
not been realized, so that it is imperative that the dimensions and shape 
indicated in the figure be followed exactly. 

The grab method is used in testing light leathers, including shoe upper 
leather. The specimen for this method is a rectangle, 3 by 0 inches. The 
jaws of the testing machine are so arranged that the direct pull comes on arx 
area one inch wide and three inches long, in the center of the specimen. 
Because of the natural distribution of stresses, some of the load is taken up 
by the part of the specimen which is outside the jaws, and the actual width 
under strain is not known. Also, light leathers like suede, chamois, etc., 
have rough surfaces so that their thicknesses can not be precisely measured. 
It is therefore customary to make no attempt to ascertain the cross-sectional 
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area of the specimen, but to report the test result in pounds rather than in 
pounds per square inch used in reporting results obtained by testing dumbell 
specimen. 

The third method is used in testing those kinds of leather articles which 
come to market in forms too narrow to permit cutting dumbbell specimens. 
These include laces, welting, straps, etc. 

The actual testing is conducted with a motor-driven testing machine, like 
that shown in Figure 208. The capacity of the machine has an effect on the 
results. A, big, heavy machine is not likely to give a high degree of precision 
when used to test a light, weak piece of leather, and the opposite extremes 
will be equally unsatisfactory. 



Figure 208. Machine for measuring the tensile strength 
of leather. 


The effect of the speed of the machine lias been the subject of a bit of 
research. 7 When the strength is plotted against the speed, the curve has a 
double inflection. The strength is practically constant at speeds from 6 to 12 
inches per minute; speeds below 0 may give an apparent increase of the order 
of 4 per cent in the strength; speeds above 12 will give a corresponding 
decrease. 


A.L.C.A. Method for Measuring the Tensile Strength of Leather 

(Adopted its Provisional, 1941. Amended 1942) 

Apparatus: The testing machine shall he jmotor-driven. The speed of the moving 
head when running free shall he 9*1 inches per minute. The capacity of the machine 
rfiall be such that any readings taken during or at the completion of a test will fall within 
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the loading range, which is defined as that within which the indicated load has been shown 
by calibration to be correct within * 1 fxr, cent. 

Samples: A sample to represent a shipment shall consist of seven specimens, each 
taken from a different piece* of leather. The location from which each spemmen is cut shall 
bo as specified by the American Leather Chemists Association 

Kinds of Specimens: (so For testing belting, hydraulic, rigging, strap, sole, and harness 
leather, the specimen shall be cut with a steel die the sides of which ai e straight on the inside 
and tapered on the outside. The specimen shall have the following shape and dimensions, 
(b) For leather products 0.5 inch or less m width, such as welting, straps, and laces, the 
specimen shall be 0 inches long, (c) For boarded, buffed, or embossed leathers, such as 
chamois, suede, bag, case, ana upholstery, the thickness of which cannot be accurately 
measured, the specimen shall be 3 x C inches. 

Conditioning: The specimen shall be brought to equilibrium with an atmosphere of 
65^2 per cent relative humidity and 70° 5° F, and tested in that atmosphere (see Am. 
Leather Ohem. Assoc, method). 

Procedure: (a) Use specimen described m subsection ‘V’ aU)ve Measure (see 
ALOA method) the thickness at five places along the restricted jiortion. Make two 
measurements of the width, both taken at the center line, one on the grain side and one on 
the flesh side. Compute the cross-sectional area from the average of the thicknesses and 
width measurements, to the nearest thousandth of a square inch. The jaws of the machine 
shall be not less than 1 5 inches wide, and 4 inches apart at the beginning of the test, 
(hi Lse the specimen described in subsection “b” above. The jaws of the machine shall be 
not loss than 0.25 inch wider than the specimen, and 3 inches apart at the beginning of the 
test (c) Use the specimen dcscrilxxi m subsection “c M above. One jaw of each pair shall 
be 1 inch wade; the other, not less than 2 inches wide The jaws shall be 3 inches apart at 
the beginning of the test. 

Report: The report shall show which of the three methods (a, b, or c) was used It 
shall show the aveiage, maximum and minimum breaking loads for the 7 specimens. If 
method (a) was used, these shall be computed to pounds per square inch. It methods (b) 
or (c) was used, the breaking load shall be reported in pounds. 


Elongation 

The percentage elongation of a piece of leather under an applied load is 
an indication of the quality, and is also a direct measure of one of those 
properties which make leather peculiarly adapted to certain uses. If the 
leather stretches more than it should, it is probably weak; if less than it should, 
the leather has probably begun to harden and turn brittle. The consumer 
avoids the acceptance of such leather by placing a minimum requirement 
on tensile strength and a minimum requirement on elongation. 

Since elongation is measured simultaneously with tensile strength, and on 
the same specimen, the conditioning of the sample, and the machine variables, 
are governed by the method for measuring tensile strength. 

The method of measuring elongation is not satisfactory: it is difficult and 
is not precise. The operator is supposed to keep one eye on the dial of the 
testing machine to see when the predetermined load is reached. With the 
other eye and both hands, he must operate a pair of dividers to follow the 
gauge marks on the leather as they separate. The dial and the gauge marks 
may be in such relative positions that two operators are required. The 
separation of the gauge marks is supposed to be measured to the nearest 
fiftieth of an inch, which is one per cent of the original two inch length. It is 
not likely that the measurement will be made with this degree of precision. 
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AJLC.A. Method for Measuring the Elongation of Leather 

(Proposed 1042) 

Specimen and Apparatus: To measure i/he elongation, the same types of specimen and 
of equipment shall he used as are called for in the Method for Measuring Tensile Strength. 

Gauge mark: When a dumbbell shaped specimen is used, two parallel gauge marks, 
2 *. 01 " apart, shall be stamped on the specimen, equidistant from the center line. They 
shall be stamped in such a way as not to injure the leather. 

When the specimen is other than dumbbell shaped, the distance between the clamps 
shall lie used instead of gauge marks, and this distance shall be 3* . 01 " at the beginning of 
the test. 

Conditioning: The specimens shall be brought to equilibrium with an atmosphere of 
65 * 2 per cent relative humidity and 70° * 5° F, and tested m that atmosphere. 

Procedure: While the testing machine is miming, follow the distance between the 
gauge marks or the clamps with a pair of dividers. The test is completed when the load 
reaches a predetermined value or wnen the leather breaks, whichever is called for by the 
6 pecifica.tiori. Measure the distance between the divider points, using a steel scale gradu¬ 
ated to fiftieths of an inch. 

Report: Compute the increase in the gauge length as a percentage of the original gauge 
length, and report as per cent stretch at the specified stress. 


Tearing Strength 

it has been found necessary to have five different methods for measuring 
the tearing strength of leather. The “tongue” tear is designed to measure 
the ability of leather to resist tearing as the term is generally understood. 
The “split” tear is the same as the “tongue” tear, except that the force is 
applied in such a way as to split the leather—to tear the grain surface from 
the flesh surface. The “buckle” tear is designed to measure the strength 
of the joint made by a buckle. There are two “stitch” tears, one for heavy 
leather and one for light, both designed to measure the ability of the leather 
to hold stitches. 

The operator must select the method applicable to the particular case, 
and must state in his report which method was used. 

In both of the stitch tear tests, wire is used instead of thread. It has been 
found that thread stretches during the test, and its diameter decreases. The 
magnitude of this decrease depends partly on the quality of the thread and 
partly on the strength of the leather. A thread of small diameter will tend 
to cut through the leather and give a low reading. It is therefore better to 
use a wire of sufficient strength so that the reduction of diameter during the 
test will be negligible. 

F.S.E.C. Methods for Measuring the Tearing Strength of Leather 

(Proposed 1942) 

When measuring the tearing strength of leather by any of the following methods, the 
specimen shall be prepared in such a way that the tear is made in a direction parallel to the 
backbone, unless sucli direction can not be ascertained from a visual examination of the 
sample. 

Method A. Tongue tear. Prepare a specimen 6 inches long by 1 inch wide. Punch 
a hole 3 ^ inch diameter on the center line of the sjieoimen, the center of the hole being 1 inch 
from one end. Slit the specimen along the center line from the hole to the further end, 
fofming two tongues. Clamp these tongues in the jaws of a tensile testing machine, the 
distance from each pair of jaws to the common base of the tongues being three inches. The 
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jaws shall he not less than J inch wide. Report the maximum pounds tension required 
to tear the leather. 

Method B. Split tear. Prepare a specimen five inches long by one inch wide. Split 
it for a distance of three and one-half inches from one end by cutting as nearly as practicable 
along the middle line of the thickness, forming two tongues. Clamp these tongues in the 
jaws of a tensile testing machine, the distance from each pair of jaws to the common base 
of the tongues being two inches. The jaws shall be not less than one and one-fourth inches 
wide. Report the maximum pounds tension required to tear the leather. 

Method C. Buckle tear. Prepare a specimen eight inches long and one inch wide. 
Punch a hole three-sixteenths inch diameter on the center line of the specimen, the center 
of the hole being three inches from one end. Prepare a one and one-fourth inch harness 
buckle with a tongue seventeen hundredths to eighteen hundredths of an mch m diameter, 
secured to a strap. The strap shall be supplied with a keeper, and the distance from the 
base of the tongue to the end of the strap shall bo five inches. The shorter end of the 
specimen shall be passed through the buckle, the tongue of the buckle fitted into a hole 
in the specimen, and the end of the specimen passed under the keeper. The longer end of 
the specimen shall be gripped m the other pair of jaws of the testing machine, the distance 
from the jaws to the hole being three inches. The jaws shall be not less than one and one- 
fourth inches wide. Report the maximum pounds tension required to pull the specimen 
out of the buckle. 
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figure 209, Block used in measuring tearing strength. 


Method D. Stitch tear. Prepare a specimen two inches long by one inch wide. Drill 
a hole one-eighth inch m diameter, the center of the hole being on the longitudinal center 
line of the specimen, five thirty-seconds of an inch from one end. The end of the specimen 
further from the hole is clamped in one pair of jaws of t he testing machine. The other pair 
of jaw’s is removed from the head and replaced by a block shown in Figure 209. The speci¬ 
men is attached to the block by passing a piece of No. 13 Birmingham gage iron wire through 
the holes in both. The jaws shall be not less than one and one-fourth inches wide, and the 
distance from (be jaws to the near edge of the block shall be one inch at the start of the test. 
Report the maximum tension required to pull the wire through the leather, and also the 
minimum thickness of the specimen in the region surrounding the hole. 

Method E. Stitch tear for light leather. Prepare a specimen two inches long by one 
inch wide. ^ Punch two holes in the specimen with a punch having an outside diameter of 
ii inch. The holes shall lie { mch apart, f inch from the shorter edge of the specimen and 
centered on the longer center line of the specimen A soft wire, 0.04" *0.005" m diameter 
shall be threaded through the holes in such a way that both ends project from one side of 
the specimen. These shall be placed in one jaw of a testing machine and the specimen in 
the other jaw. The report shall state; (1) the number of pounds required to pull the wire 
through the leather; (2) the thickness of the leather; (3) whether the wire was pulled through 
from the grain side or from the flesh side. 
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Bursting Strength 

The measurement of bursting strength has been found to be of great 
practical convenience to the paper industry, the strength of paper being 
usually referred to in terms of “points, Mullen.” Perhaps this measurement 
may come into equally general use in speaking of the strength of light leather. 

The four kinds of strength usually recognized by text books are resistance 
to tension, compression, shear, and torsion. Bursting strength is a sort of 
hybrid variety, which may be capable of scientific interpretation if it can be 
connected with one of the above varieties. This Carson 4 has been able to do. 
He found that the bursting strength of paper is proportional to its tensile 
strength in that direction of the grain in which the paper has the least elonga¬ 
tion. 

Some investigators 3 have found it worth while to apply a device to the 
testing machine so that the deformation can be measured simultaneously 
with the load. 

Serious consideration has been given to the possibility of connecting 
bursting strength with “lastibility,” the thought being that the bursting 
strength of upper leather should give some indication of how the leather will 
behave when pulled over the last in making a shoe. There appears to be some 

relationship.the leather must have at least a certain bursting strength or it 

cannot be used. However, the skill of the operator is such an important 
factor that it has been found difficult to establish a definite figure for lasti- 
bility. 


F.S.E.C. Method for Measuring the Bursting Strength of Leather 

(Proposed 1943) 

Apparatus: (1) The testing instrument shall consist of a plane surface containing an 
aperture, 1.24 inches in diameter, which registers exactly with a similar aperture in a similar 
plane surface. One aperture shall he movable along the axis passing through the centers 
of the two apertures, (2) Means of firmly clumping the two plane surfaces together. 

(3) A rubber diaphragm firmly secured to the inner side ot the aperture m the hydraulic 
chamber so as to close it off and to expand through it when hydraulic pressure is applied. 

(4) Means of applying hydraulic pressure through a non-compressible mud to the rubber 
diaphragm. Tins may he done by a motor drive or a manual drive With the Mullen 
Tester a hand operated machine should be driven at 120 revolutions per minute to make it 
equivalent to the motor driven instrument (5) Means of continuously registering the 
pressure in the hydraulic chamber,’the Bourdon type pressure gage being preferred. 

Test Specimen : The selection of the test specimen shall be made in one of two ways 
depending on the reason for the test. 

From the point of view of the tanner interested in accurate measurement of the bursting 
strength of a particular leather the test sample shall be cut according to the A.L.O.A. 
method of sampling. On the particular cuts where the size of the sample is not specified, 
a G" by 8" sample shall be taken with the longer dimension parallel to the backbone. On 
a sample of this size twelve tots can bo conveniently made, and this number shall be made. 
On those cuts where the method of sampling specifies the width of the sample, the sample 
shall be cut to the specified width and enough leather taken to perform twelve tests, r i he 
area tested shall be free from defects, and shall not have been previously subjected to 
clamping pressure. From the point of view of the buyer of leather, interested in the average 
bursting strength of a shipment of leather, test samples shall be selected as follows: Select 
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. changing the bob of the pendulum* The force is indicated by a pointer moving over a 
scale graduated in per cent of the total force (corresponding to a 90° swing of the pendulum). 
There is also attached to the jaw-shaft another pointer moving over a scale graduated in 
degrees, which indicates the position of the jaws at any time, (b) the other end of the 
Specimen rests freely against a fixed pin. This can be fixed in different positions to change 
tne span between the jaws and the pm. (c) Previsions are made for adjusting the pointers 
to zero, for throwing the motor in and out of gear, and for moving the jaws by hand back to 
their original position, (d) The bobs supplied with the apparatus give bending moments 
from 0.1 to 5.0 inch-pounds in steps of *0.25 inch-pound. The pin can be fixed in a position 
to give spans of 0.25, 0.5, 1, and 2 inches, (e) For any specimen, the bob and the span 
shall be so selected that the final reading on the force scale shall be not less than 25 per 
cent nor more than 75 per cent. m 

Sample: A sample representiiigia shipment shall consist of seven specimens, each 
cut from a different piece of leather. The location from which the specimen is cut shall be 
as prescribed by the A.L.C.A. Each specimen shall be 0.5 inch wide, by a length equal to 
1 inch more than the predetermined span. Specimens of sole leather shall be skived to the 
following thicknesses—men’s 8 irons; women’s 6 irons; finders, 10 irons. Other kinds of 
leather shall be tested in the thickness as received. Specimens shall be tested with the 
grain side down (convex when bent). All specimens shall be conditioned by the A.L.C.A. 
method. 

Procedure: See that the apparatus is level, and properly calibrated. Place the 
selected bob on the pendulum and adjust the pin to the selected position (Both selections 
are based on preliminary experiments to meet, the conditions specified above.) Clamp one 
end of the specimen in the. jaws, being careful to see that it is in good alignment. Turn 
the jaws by hand until the other ena of the specimen just makes contact with the pin. 
Adjust both pointers to zero. Throw in the motor, and let the apparatus run until the angle 
pointer shows that the leather has been bent through an angle of 50°. At this instant, read 
the force as indicated by the other pointer. Throw the motor out of gear and turn the jaws 
back to their original position. Replace the specimen with a new one, and repeat. Com¬ 
pute the average force required ana convert from per cent to inch-pounds. 

Report: The report, shall show: (a) The average thickness of the seven specimens, 
(b) The span used in the test, (c) The maximum, minimum, and average (7 specimens) 
of the force required to bend the leather through an angle of 50°. 

Note: Any specimen which does not show smooth and uniform bending during the 
test, thereby indicating undue lack of uniformity of structure, should be discarded and 
replaced by another specimen. 

Cracking and Piping 

When good leather is bent around a mandrel of specified diameter, there 
should be no visible signs of permanent cracking through the grain, if bent 
with the grain side out; if bent with the flesh side out, there should be no 
visible signs of permanent loosening of the grain in the form of wrinkles. 

M The size of the mandrel to use will depend upon the kind of leather being 
tested. A soft, thin leather can be bent through a sharper angle than a hauler 
or thicker leather. Temperature and humidity are important, for leather 
will bend more easily when warm and moist than when cold and clry. There¬ 
fore all specimens for this test must be conditioned. 

F.S.E.C. Method for Testing Leather for Cracking and Piping* 

(Proposed 1943) 

Cracking: This test shall be made only that part of the specimen which has been 
found, by careful examination, to be free from surface defects. Bend the leather, grain 
side out, into a loose loop and put the loop in a small vise having plain jaws not less f than 
2J" wide. Place in the loop a cylindrical brass or steel rod about 7" long. Immediately 
above the rod insert a brass or steel bar, about 7" long, wide, and having a thickness 
equal to the diameter of the rod. Bend the leather around the rod and against the metal 
insert by slowly tightening the jaws of the vise until the rod and mseft cannot, be shifted 

•Credit for this method is due R. W. Frey, U. K. Dept, of Agriculture. 
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by hand. Rods of different diameters are required for different kinds and thicknesses of 
leather. Consult the applicable specification for the correct size. See Figure 212. 

Piping ; The leather shall be bent through an angle of 180°, grain side in, over a mandrel 
of diameter shown in the appropriate specification. 



, Figure 212. Equipment for testing leather for 

crankiness. For value of t sec appropriate 
specification. 

Resistance to Abrasion 

Ability to resist abrasion is one of the properties which makes leather 
valuable. One should be careful, however, to distinguish between resistance 
to abrasion and resistance to wear. The latter term is the more general. It 
may include resistance to abrasion as well as resistance to flexing, to light, 
to perspiration, etc. 

It has been necessary to develop two methods for measuring this prop¬ 
erty—one for heavy leather and one for light. The method for heavy leather 
simulates more or less the slipping and twisting of a shoe sole as one walks 
on an abrasive surface. The one for light leather consists of a straight 
rubbing action, and the abradant may be harsh or mild, depending upon the 
kind of information wanted; the leather may be worn through; the appear¬ 
ance may be impaired by destruction of the finish without seriously affecting 
the leather; or the method may be used as a test for resistance to crocking. 

Light leather can be tested wet or dry, as desired. We have not yet been 
able to devise a method for measuring the abrasive resistance of heavy leather 
when wet, although the need for such a test is recognized. 

^ A.L.C.A. Method for Measuring Abrasive Resistance of Heavy Leather* 

(Provisional 1942) 

Apparatus: The apparatus used shall be that shown in Figure 213, or an equivalent 
design. It consists essentially of a vertical wheel, 15 inches in diameter, around the cir- 

* Credit for this method is due E. L. Wallace, Natl. Bur. Standards. 
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cumference of which are mounted 12 test specimens. The wheel is driven at 30 rpm. It 
rests on a sheet of abrasive paper or (doth which is mounted on a horizontal disc. The 
distance from the axis of the disc to the center line of the specimen is 5.5 inches. When 
the wheel is raised by means of a spring balance attached at the point A, the indicated force 
shall be not more than 30 iba; when the wheel is lowered, the indicated force shall be not 
less than 33 lbs. 

A small rotary brush and a vacuum cleaner are provided to remove loose particles 
from the abrasive surface. 

Motion of the disc is retarded by a Prony brake. This consists of a. leather belt 1,25 
inches wide, fastened to the frame at one end, passing around a drum 12 inches in diameter, 
and supporting a load of 20 pounds at the free end. The belt shall be of such quality that 
it will not “chatter/’ and that the tension at the fixed end while the machine is running 
shall be not more than d.l pound. 



Figure 213. Apparatus for measuring abrasive resistance of 
heavy leather. 


Blue prints and specifications for the machine may be obtained on request from the 
National Bureau of Standards. 

Samples: Not less than six specimens shall be tested as representative of a sample. 
Where the method is to be used to measure the comparative abrasive resistance of lots of 
backs, bends, or sides, the six specimens shall be cut one from each of six pieces (A.L.0.A. 
Method of Sampling for Physical Tests). 

Preparation of Specimens : Specimens shah be cut to a size 5 x 9.8 cm with a steel die. 
The thickness of each specimen shall be measured to the nearest 0.1 mm. All thickness 
measurements shall be made at five places; at tiie center and near the four comers of the 
specimen and about 0.5 inch in from the edge. Aluminum backing strips as shown in 
Figure 214 shall be provided. Specimens shall be attached to backing strips thus prepared 
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Figure 214. Equipment for mounting specimens for abrasion test. 


with a cellulose nitrate base cement containing only an organic solvent. Backing strips 
and specimens shall be bent to the curvature of the wheel in the presses shown in Figure 213 
while being cemented. They shall be permitted to stand 48 hours between the time they 
m*e cemented and the beginning of the test, to ensure complete evaporation of the solvent 
used with the cement. Shims shall be used under the backing strips if necessary to allow 
for variations in the thickness of the leather. 

Test Conditions: Test pieces (specimens cemented to backing strips) shall be con- 
ditioned for 48 hours and tested in an atmosphere of 65 per cent relative humidity (* 2 per 
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cent) at 70° F (* 5°). If the test pieces are kept in this atmosphere during the 48 hours’ 
drying time required above, further conditioning is unnecessary. Determine the weight 
pf the prepared and conditioned test piece to the nearest 0.01 g and measure its thickness 
to the nearest 0.1 mm. After the run is completed, remove the test pieces from the wheel 
and again determine the weight and thickness of each. The wheel accommodates 12 pieces, 
that is, 2 samples of 6 specimens each. The six specimens of one sample shall be mounted 
next to one another, ana the two end specimens shall not be included in the measurements. 
The abrasion index shall be computed from the loss of weight or thickness of the four 
specimens within the series. 

Abrasive Material: The abrasive used shall be No. 50 silicon carbide, spread evenly 
on a cloth or paper disc 14 inches in diameter. The abrasive shall be of such size that all of 
it will pass a No. 30 T T , S. Standard sieve, and at least 60 per cent will be retained in a No. 
50 U. S. Standard sieve. The cloth backing shall be 2.85 yard, 20-inch basis drill, properly 
dyed and back-filled prior to coating. The paper backing shall be a good grade of rope 
paper having a basis weight of 130 lbs (24 x 36-480). The quantity of abrasive shall be 
not leas than 31 1 lbs nor more than 37.7 lbs per sandpaper ream (9x11-480). The 
abrasive shall be random deposited. A new sheet of abrasive shall be used at the beginning 
of each test, and at the beginning of each 4,000 revolutions during the test. 

End Point of Test: The test shall be continued until it is estimated by an approximate 
thickness measurement (which may be done without removing samples from wheel) that 
not less than 65 per cent nor more than 75 per cent of the original specimen is worn away. 
Where one or more samples wear nearly through their original thickness before the remain¬ 
ing specimens on the wheel have worn away approximately 70 per cent, the thin samples 
should be removed, weighed, replaced and the test continued until the remaining samples 
are worn to the required thickness. 

Indices of Abrasion: The weight index is the number of revolutions required to wear 
away one gram of leather. The thickness index is the number of revolutions required to 
wear away one millimeter of leather. 

A.L.C.A. Method for Measuring the Abrasive Resistance of Light Leather, Wet or Dry* 

(Proposed 1942) 

Scope: This method is designed to measure the amount of abrasion which can be 
withstood by light leather, w'et or dry (a) without impairing its appearance or (b) without 
wearing through. This method is applicable to light leather only, such as upper, upholstery, 
bag, case, strap, etc. # 

Sampling: Not less than six specimens shall constitute a sample. Each specimen 
shall be taken from a different piece, whether skin, hide, or manufactured article. If taken 
from a skin or hide, it shall be taken from the location designated m the A.L.C.A, Method 
foi Sampling Leather for Physical Testing. Each specimen shall be one inch wide by six 
inches long. 

Conditioning: When measuring abrasive resistance dry, the specimen shall be brought 
to equilibrium with an atmosphere of 65 per cent 2 per cent relative humidity and 70° 
* 5 C F and tested in that atmosphere. When measuring abrasive resistance wet, the speci¬ 
men shall be soaked m water for 24 hours immediately prior to testing, and a few drops of 
water shall be dropped on the back of each specimen every 15 minutes during the test. 

Apparatus: The apparatus shall consist of a horizontal shaft carrying a number of 
pulleys (12 will permit trie testing, of two samples of 6 specimens each simultaneously). 
Each pulley shall be IY' diameter by 1 j" face, and shall dc surfaced with the abradant. 
The shaft shall be rotated with a reciprocal motion through 170°, making 4000 complete 
cycles per hour. One end of the specimen shall be fastened in a fixed clamp at one side of 
the pulley. The specimen shall be brought up and over the pulley and over an idler on 
the other side of the pulley. A dead load of 1 kg shall be attached to the free end of the 
specimen (see Figure 215). 

Abradant: in general, for measuring abrasive resistance, dry, No. 3/0 emery cloth 
shall be used. For abrasive resistance, wet, No. 280A Wet or Dry abrasive paper shall be 
used. If the leather is likely to be worn through in less than 100 revolutions by either of 
the above, then the abradant used shall be No, 8 duck OOC-D-771a. If it is desired to use 
the machine for measuring the resistance of colored leather to crocking, then the abradant 
used shall be unbleached cotton sheeting, type C, Federal Specification COC-S-281. 

Procedure : Measure the thickness of each specimen at three places along the center¬ 
line cross-wise of the specimen and record the average. Mount the specimen in the 

» Credit for this method is due It. G. Ashcraft, Endicott-Johnson Corp. 
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apparatus with the intended wearing surface next to the abradant. A new piece of abradant 
shall be used for each test and shall be replaced by a new piece after each 1000 complete 
cycles. Run the machine until (a) the appearance of the feather is impaired or, (b), the 
leather breaks, recording the number of cycles. 

Report: Report the original thickness of the specimen, the number of cycles required 
to (a) impair its appearance or, (b), wear it through. In the latter case, the “abrasive 
index” shall be reported as the number of cycles required to wear through 0.001 inch of the 
specimen, 

The report shall also state whether the test was made wet or dry, and which of the three 
kinds of abradant was used. 



Figure 215. Machine for measuring abrasive resistance of light leathers. 


Crocking 

Whether or not the color will rub off is an important property of leather 
used for garments, hand bags, shoulder straps, etc. This property can be 
measured with the machine used for measuring the abrasive resistance of light 
leather, as just described. If such a machine is not available, the following 
method is recommended. 

F.S.E.C. Measuring the Resistance to Crocking 

(Proposed 19431 

A piece of bleached but not starched 80/80 white cotton print doth, held firmly over the 
fiat end of a cylindrical finger $" diameter, shall be rubbed over the surface of the leather. 
It shall be applied with a pressure of 2 lbs and rubbed back and forth 20 times at the rate 
of 1 second per double stroke, each stroke being 4" long. The test, shall be made with 
both the leather and cloth air-dry, and again when the cloth is so wetted as to contain 75 
to 100 per cent water. 

Bleeding 

Sometimes the pigment or dye with which a leather is colored will bleed 
when it comes in contact with water. This defect is just as important as 
crocking in affecting the value of leathers for garments, handbags, shoulder 
straps, etc. 

A.L.C.A. Method for Measuring the Resistance of Colored Leather to Bleeding® 

(Proposed 1943) 

' Scope: This method is to be used to ascertain the bleeding characteristics of all kinds 
of colored leather whether dyed, pigmented or coated. 

6 Credit for this method is due H. L. Walker, Rohm & Haas Co. 
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Specimen: The specimen shall consist of two pieces of leather each approximately 
4 " square cut from any representative portion of the skin or hide. 

Procedure: A pad or four thicknesses of 84 by 60 bleached, wide cotton sheeting 
(A.3.T.M. specification D-503-40-T) measuring 2" by 2" is soaked in distilled water and 
placed between the two leather samples having the surfaces of the leather being investigated 
in contact with the wet cloth. The cloth should be placed centrally on the leather so that 
the edge of the pad is not closer than 1" to the edge of the leather sample at any point. 
This preparation is then placed between two glass plates and the whole assembly placed 
in an oven at 158° F * 1° F for one hour. At the end of the test the cloth is examined for 
discoloration. 

If the cloth shows no discoloration the sample shall be reported as not bleeding. 

Tackiness 

Sometimes leather sticks to things when it gets warm. Upholstery leather 
which has been treated with an unsatisfactory finish is likely to display 
tackiness during a warm summer day. To test for this property, the follow¬ 
ing method may be used. 

F.S.E.C. Method for Measuring the Tackiness of Leather 

(Proposed 1943) 

Bring the leather to a uniform temperature of 120° * 2° F. Spread a piece of bleached 
cheese cloth on the coated surface and hold it under a pressure of 1 lb per sq in for 5 minutes 
at this temperature. Strip off the cheese cloth and note any tackiness. 

Resistance to Heat 

Leather, in common with other organic materials such as cotton or wool, 
contains a certain amount of water, which is a necessary part of its composi¬ 
tion. Normally for leather this is about 10 per cent. This amount can be 
reduced somewhat without harmful effect, but if the drying Ls carried too 
far the character of the leather and its physical properties are completely 
and permanently changed. 

Drying may be brought about by exposing the leather to a high tempera¬ 
ture for a short time, or to room temperature for a longer time, if the sur¬ 
rounding air is dry enough. 

In the following method, the various factors have been so selected as to 
produce the same effect in six days as would be produced if the leather had 
been stored for some years in a box on the shelf in a retail store. 8 

A.L.C.A. Method for Measuring the Resistance of Leather to Deterioration 
at High Temperature* 

(Proposed 1943) 

Scope: This method is used to determine the resistance of leathers to deterioration 
at high temperatures in the presence of moisture. 

Apparatus: A diagram of the apparatus used in the test is given in Figure 216. The 
exposure chamber shall consist of a metal container having a capacity of 450 to 550 cubic 
inches, and with dimensions such that specimens for the measurement of tensile strength 
can be placed therein without bending. A removable cover shall be fitted to one end 
fastened with bolts to a flange on the container. The container shall be lined with asbestos. 
The temperature within the chamber shall be maintained at 100° =*■- 2° C, It shall be 
measured by means of a thermocouple placed inside a copper tube, which projects into the 
chamber. Inlet and outlet openings, to permit the flow of a continuous stream of air, shall 
be placed at opposite ends and opposite sides of the chamber. The rate of flow of the air 

• Credit for this method is due J. R. Kanagy, Natl Bur. of Standards. 
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shall be 8 to 12 ml/minute at a pressure of about 10 mm above the atmospheric pressure. 
It may be measured by a flowmeter attached to the outlet opening. The air shall contain 
enough moisture to give a relative humidity of 9 to 11 per cent in the chamber at 100° C. 
This may be accomplished by passing the air through water in a saturator at approximately 
45° before it enters the chamber. The air shall be preheated before entering the chamber. 
This may be done by means of a coil in the inlet tubing as shown in the diagram. The 
chamber shall be provided with means for suspending test specimens in such a way as to 
permit good contact with the atmosphere in the chaml>er. 

Sample: Six control and 6 test tensile-strength specimens shall be cut from each 
sample of leather. Each control shall be cut adjacent to a test specimen. 



ANO 


SATURATORS 



A OVEN 

B PRE-HEATING COIL 
C EXPOSURE CHAMBER 
0 THERMOCOUPLE 
E ASBESTOS LINING 
F LEATHER SAMPLE 
G FLOWMETER 
H RACK 


Figure 216. Apparatus for measuring resistance of leather to heat. 


Procedure. Specimens for test: The specimens for test shall be conditioned at 70° 
F and 65 per cent relative humidity for 48 hours They shall be placed in the exposure 
chamber, under the conditions of temperature and humidity described above, and allowed 
to remain there for 6 days. They shall then be reconditioned at 70° F and 65 per cent rela¬ 
tive humidity for 48 hours, and their tensile strength shall be determined. 

Specimens for control: The specimens for control shall be conditioned at 70° F and 
65 per cent relative humidity for 47 hours and their tensile strength shall be determined. 

Results: The percentage loss in tensile strength of the specimens for test shall be 
calculated from the difference between their average tensile strengt h and that of the samples 
for control. 


Resistance to Cold Cracking 

When exposed to extremely low temperature for considerable lengths of 
time, leather tends to become stiff and hard. If flexed while in this condi¬ 
tion, it may crack. There is some reason to believe that leather itself is not 
affected by cold—that the behavior noted is related to the nature of the 
finished material used to coat the leather or of the grease used to stuff it. 

A.L.C.A. Method of Measuring the Resistance of Leather to Cold Cracking* 

(Proposed 1943) 

Scope: This method is used to determine the resistance of coated leather to cracking 
at low temperatures. 

Apparatus : The apparatus consists essentially of an insulated box with a compartment 
for Dry Ice, a fan to circulate the cold air, means for holding the sample in position, a bag 
m lead shot, and guide tubes through which the bag of shot is dropped on the sample. The 

* Credit for this method is due H. C. Walker, Rohm & Haas Co. 
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box is also equipped with electric strip heaters and a thermoregulator in case a temperature 
higher than that given by dry ice is desired. 

For holding the leather sample in position two brass rings are used. These are 7" 
in outside diameter, 5" in inside diameter, and 1" thick. The bottom ring in each pair is 
supported by three 1" legs. 

Sample: The sample of leather is a 7" square. 

Procedure: The sample is clamped between a pair of brass rings with that side up 
which will make the test simulate most closely the strain to be encountered in actual usage. 
For example on upholstery leather the grain side would be up, while on garment leather 
the flesh side would be up. The sample so held is placed on the lower shelf of the cabinet, 
directly below one of the guide tubes. Similarly prepared samples for comparison are 
placed below the other guide tubes. 

The upper part of the cabinet is loaded with Dry Ice, both doors closed, and the fan 
started. 

By means of the strip heaters and the thermoreguiator the temperature is controlled 
at whatever point is desired. The sample is maintained at this temperature for one half 
hour. 

The cover is removed from one of the guide tubes and a bag of lead shot weighing 2 
pounds is suspended within the opening, the bottom of the bag being 12" above the leather 
surface. This is then dropped freely on the sample. By means of a cord attached to the 
bag of shot it can be raised and used to test the next sample. 

The samples of leather are removed and allowed to reach room temperature. The 
coated surface is examined for cracks. 

If no cracks show, the test is repeated at a lower temperature. If no cracks appear at 
the lowest temperature attainable (- 76° K), a bag of shot weighing 3 lbs or even 4 lbs may 
be used for further tests. 

Shrinkage Temperature 

If leather is heated while immersed in water, nothing will happen until a 
certain critical temperature is readied. Then suddenly the fibers begin to 
swell and to shorten. The change in dimension is indicated by an easily 
noticeable contraction in the length of the specimen. 

The “shrinkage temperature” of vegetable tanned leather is usually 
below the boiling point of water, so that water alone may be used for making 
the test. However, when vegetable-tanned leather is immersed in water 
the water becomes acid, and this acidity affects the shrinkage temperature. 
To keep this factor constant for all leather, a small amount of hydrochloric 
acid is added to the water, to bring the acidity to a pH value of 3.5, which is 
about that of the leather itself. 

The shrinkage temperature of chrome tanned leather is usually above the 
boiling point of water, so that water alone cannot be used for the tbst. A 
mixture of 25 per cent water and 75 per cent glycerol, having a boiling point 
of 117°, can be used. Since chrome leather has about the same acidity as 
water in equilibrium with air, no adjustment of this factor is needed. 

Leather tanned by a combination of the vegetable and chrome tanning 
processes is regarded as chrome tanned for the purpose of this test. 

A.L.C.A. Method for Measuring the Shrinkage Temperature of Leather 11 

(Provisional 1942) 

Definition: When leather is gradually heated in an aqueous medium a temperature 
will be found at which a noticeable shrinkage occurs. This is defined as the shrinkage 
temperature, 

* Credit for this method is due to E. R. Theis, I^ehigh University, 
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Scope; This method can be used to measure the shrinkage temperature of leather 
of any thickness and of any kind of tannage. 

Samples; Each sample shall be 0.5 inch wide by 3 inches long by the full thickness 
of the leather. 

Liquid; For vegetable tanned leather, use water containing enough hydrochloric 
acid to bring the pH value to between 3.0 and 3.5. For chrome-tanned leather, use a 
mixture of 25 per cent water and 75 per cent glycerol. Combination tanned is to bo con¬ 
sidered as chrome tanned. 

Apparatus. See Figure 35. A one liter beaker containing the appropriate liquid, 
two clamps for holding the sample, a stirrer, a thermometer and a heating device. The 
clamps are mounted vertically, 2.5 inches apart with the stationary one at the bottom. To 
the upper or movable clamp is attached an indicating device which will maintain the sample 
under slight tension, which will indicate any preliminary swelling in the sample and which 
will accurately detect the txiirit at which shrinkage begins. This shall magnify the move¬ 
ment of the leather by at least 25 tunes. 

Conditioning: All samples shall be conditioned to equilibrium with the standard 
atmosphere (65 per cent II. H., 70° F), and transferred from the conditioning chamber 
immediately into the beaker of liquid used in the test. 

Procedure; Place the sample to be tested m the clamps, completely immerse in the 
liquid at room temperature, and heat the liquid with stirring, at the rate of 3 to 5° per 
minute. As the temperature rises, swelling of the sample occurs and the indicator may be 
adjusted to a reference or zero point so that eventual shrinkage can be readily detected. 

In addition to the weight necessary to counter-balance the weight of the clamp or to 
overcome the inertia or friction of the indicating devices, it wall be found advisable to add 
an additional weight of from 80 to 100 grams. The smaller weight will suffice for light 
vegetable-tanned leather such as sheepskin and the larger weight is advisable for heavy 
leather such as chrome-tanned side leather. In no case should a weight be used which will 
cause an elongation, prior to shrinkage, of more than 10 per cent. 

Report: Record the temperature of the bath in degrees Centigrade at which the 
sample begins to shrink after the preliminary swelling. 

Water Absorption 

Leather when air-dry normally contains about 10 per cent of water. 
When immersed in water it absorbs a good deal more, the amount depending 
upon its affinity for water, its thickness, the temperature, the duration of 
immersion, the ratio of exposed surface to volume, etc. In order that 
results may be comparable, values for all of these factors had to be 
established empirically. 

It is particularly to be noted that the method does not allow for the loss 
of material which may be dissolved out of the leather. It has been found that, 
under the conditions specified, the amount of such material lost is so small 
as to be negligible. 

A.L.C.A. Method for Measuring the Absorption of Water by Leather 0 

(Proposed 1943) 

Conditioning: All test pieces to be conditioned for at least 24 hours at 65 per cent 
relative humidity and 70° ^ 5° F before testing. 

Size of specimen : 50 x 98 mm rectangular. 

Area exposed : The sum of the area of both surfaces and four edges. 

Water: Use 10 g of water per gram of conditioned sample. Temperature of water 
to be 70° * 5° F throughout the test. 

Immerse the specimen grain side up in a flat-bottomed dish with not more than 150 
aji cm area per specimen. (Several specimens may be immersed in a large tray at the same 
time.) Use small pieces of metal to prevent close contact of the specimen with the bottom 
of the dish. 

• Credit for this method is due L. M. Whitmore, Leas & McVitty, Inc. 
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The specimen shall be fully immersed, and may be held uridcr water by any means that 
does not alter the contact of the surface with water. 

The specimen must be handled carefully at all times to prevent flexing or compression 
during the test. 

Immersion periods: One-half and two hours. 

Remove at the end of one-half hour. Pass a cord or wire through a small hole pre¬ 
viously drilled near one corner of the specimen'. Dry the specimen by whirling five times 
with a two-foot radius. Weigh. Return to the water five minutes after removal. After 
two hours (including the five minutes the specimen was out of water) remove, dry, and 
weigh as before. 

Calculation: Absorption at the end of each period is computed as mgs per sq cm of 
exposed surface. 

. Weight (g) after Immersion—conditioned weight (gj 

Absorption: - exposed urea in sq cm x 0.001 


Permeability to Water Vapor 

Water vapor, a normal constituent of air, can go through pores which are 
too small to permit the passage of water. Moreover, a material having 
quite large poics may be able to hold water if the material itself is water 
repellant. For these reasons, one should not expect any relation between 
the two properties of a material; water permeability and water-vapor permea¬ 
bility. 

Permeability to water vapor is a property of major importance in garment 
leather, upper leather, and articles of clothing in general. It is this property 
which permits escape of perspiration from the body, and thus contributes to 
the comfort of the wearer. 



Figure 217. Equipment for measuring water vapor permeability. 


A.L.C.A. Method of Measuring the Permeability of Leather to Water Vapor* 

(Proposed 1943) 

Scope of Method: This method can be used for leathers ranging from light 1} ounce 
vegetable-tanned sheepskin lining leather to 11 ounce vegetable-tanned sole leather. For 
leathers which are very impervious to water vapor a larger hole in the brass rings can be used. 

Apparatus: The apparatus shown in Figure 217 consists of a standard tannin dish 
and two 20 gauge brass rings having an outside diameter of 21" and an inside diameter of 1". 

a Credit for this method is due R. B. Hobbs, Natl. Bureau of Standards. 
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Sample: The sample of leather shall consist of a disk 2f" in diameter cut from the 
part of the skin under investigation. In comparing different skins the sample should be 
cut from the areas indicated in the Method for Sampling Leather for Physical Tests. 

Assembly of apparatus : For assembling the apparatus a brass cylindrical templet over 
which the rings will just pass without binding, and weighing about a pound is required. 
A brass disk V' in diameter and of the same thickness as the rings is also required. 

In assembling the apparatus a wax consisting of equal parts of beeswax and rosin is used. 

The brass templet is centered on the sample of leather under investigation. The 
exposed annular surface of the sample is painted with melted wax. One of the brass rings 
is heated up to a temperature above the melting point of the wax and dropped over the 
templet onto the leather. It is held in position on the leather till the wax has solidified. 
The templet is then removed. 

The 1" brass disk is placed on the exposed part of the sample. The specimen is inverted, 
keeping this small disk in place, and the other brass ring is applied in the same way as the 
first. The 1" disk is removed. The edge of the specimen is then painted with melted wax. 

ITydralo (activated aluminum oxide) is used as the desiccant. The tannin dish is 
filled to a depth of l" with Ilydralo. The assembly of specimen and disks is centered on 
top of the tannin dish and cemented to it with melted wax. This completes the assembly 
of the cell. 

Procedure. The disk of leather under investigation is conditioned for 48 hours in the 
atmosphere in which it is to be tested. The sample is then removed and the cell assembled 
in a minimum time. The completed cell is weighed. It is then placed in the controlled 
atmosphere on a suitable rack with the sample down, and completely covered by the desic¬ 
cant. The atmosphere is held at 95 2° F and 90 per cent 2 per cent relative humidity. 

After exposure for 24 hours the cell is weighed and replaced in the humid atmosphere. 
Successive weighings eveo' 24 hours arc made until the rate of absorption of water starts 
to fall off. This will happen when the Hydtaio has absorbed about 5 per cent of its weight. 

By plotting the increase in weight against the time in days a graph is obtained, the 
initial part of which is a straight line From the slope of this line and the area of the 
exposed sample of leather the transpiration rate tn grams per square meter per day is 
calculated. 


Fastness to Light 

The natural color of vegetable-tanned leather is a rich yellow brown; 
chrome-tanned leather has a tinge of green. But for many uses, the trade 
demands that the leather be colored—black or white for shoes, straps, bags; 
red, green or blue for garment and upholstery leather. The coloring matter 
may be applied in the form of a dye in solution, which is absorbed by the 
leather, or in the form of a pigment in suspension, which is applied like a paint. 
In either event, the coloring matter must not rub off (see Crocking), must 
not run when it gets wet (see Bleeding), and must not fade when exposed to 
sunlight. 

The following method for measuring fastness to light is written around a 
single testing machine. Other similar machines are on the market, which 
will do the work equally well, but the results obtained from the different 
types have not been correlated. The National Bureau of Standards is 
undertaking to set up a “standard light source,” against which all of these 
machines may be calibrated. Until this work is completed, recourse may be 
had to the use of dyed fabrics of known fastness, which may be purchased 
from the American Association of Textile Chemists and Colorists. 
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A.L.C.A. Method of Measuring the Fastness of Colored Leather to Light 

(Provisional, 1942) 

Scope : This method is to be used to ascertain the fading characteristics of all kinds 
of colored leather, whether dyed, pigmented or coated, when exposed to light. 

Apparatus: The apparatus shown in Figure 21S consists of a glass-enclosed carbon 
arc (such as the Fadeoineter) so modified that the actinic quality of the light emitted from 
it approximates that of so-called standard noon sun. The arc voltage shall be between 
130 and 145 volts. On DC operation the amperage of the arc shall be 13 * \ amperes and 
on AO operation 15-17 amperes. 



Coiirle.ni/ Atl'i* Electric Device* Co. 

Figure 218 


Hacks shall be provided to support the specimens at a distance of ten inches from tin 
arc, and so constructed that part or the sample is exposed to the light and part covered by 
an opaque cover. The reverse side of the sample may be covered or exposed, according to 
the requirements of the test. The temperature of the apparatus shall be regulated by a 
thermostat controlling a fan which holds the air temperature within the apparatus between 
95° and 105° F. It should be noted that the temperature of the specimen will be much 
higher, and will depend on its color. 

Humidity in the apparatus shall be provided by passing the air from the temperature 
regulating fan over a group of wicks, supported on wire frames, and immersed to approxi¬ 
mately half their depth in a circular pan of water surrounding the air shaft of the tempera¬ 
ture regulating fan. The heat from the arc assists m evaporating water from these wicks. 

It is important that the wicks function properly. Distilled water only shall be used 
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to replenish the supply, and the wicks shall be washed and replaced as soon as they show 
signs of incrustation. 

Specimen: The specimen shall be approximately 2\ by 4| inches, except when it is 
desired to use special holders designed to permit stepwise exposures. In such cases the 
sample shall }>e cut to fit the holder. 

Procedure: Fix the specimen in the proper holder, place in position in the apparatus, 
and start the lamp. For most leather samples, the flesh side of the leather should be pro¬ 
tected from the radiation, except in those cases where the leather would normally be used 
with both sides exposed. In cases where the flesh side is exposed, this shall be noted in the 
report of the test. 

The sample should be examined after being in the Fadeometer for approximately six 
hours. If at the end of that time it show's no color difference between the exposed and 
unexposed portions, it should be replaced in exactly the same position in the holder, and the 
exposure continued. With some samples, a difference in shade may show, which will 
disappear after the sample has been allowed to “rest” in the dark for a short time. If, 
therefore, a critical evaluation is required, a rest period in the dark of two hours should be 
allowed before a sample is examined. The degree of fading shall be determined by visual 
inspection of the exposed in comparison with the unexposed area. 

Comparative samples of materials designed for the same type of usage may all be 
exposed an arbitrary length of time, and compared for degree of fading The important 
point, however, is the amount of exposure required to produce an objectionable degree of 
fading. 

The requirements for materials vary widely. For most indoor uses, an exposure 
period of forty hours is considered reasonable, whereas, for outdoor use, where the colored 
leather is to be exposed to the sun, a period of 120 hours is usualiv required. 

For critical evaluation of colored goods, a step-wise exposure may be used, exposing 
the sample for a short time, covering a strip of it, continuing the exposure, covering another 
strip, continuing the exposure on the remainder of the sample, and so on until a number of 
strips having different exposures show on the sample The best procedure is to give each 
strip twice the exposure ot the preceding one. This method differentiates colors which may 
show' an initial fading and then very little change, from colors which show very little initial 
change but fail badly after the exposure has gone on for some time. 

Report: The report on the fastness to light shall note the length of time the sample 
has been exposed, and the point at which fading first started to appear. It shall also not e 
if both gram and flesh sides of the sample were exposed, or grain only. 

The extent of fading in the sample as finally removed, shall be evaluated in terms of 
adjectives having meanings defined as follows: 


Good: no appreciable alteration of appearance. 

Fair: appreciable but not objectionable alteration of appearances. 

Poor: objectionable alteration of appearance. 


Conclusion 

In this chapter, attention has been called to the desirability of measuring 
those physical properties of leather in which the purchaser is directly inter¬ 
ested, and to the necessity of taking adequate samples. A formula has been 
presented which can be used to tell how many specimens are needed for an 
assumed degree of adequacy. The way of allowing for the variable moisture 
content of the leather is also set forth. 

Methods for measuring 17 of the physical properties of leather are given 
in detail. Some of these have been quoted from the work of the Physical 
Testing Committee of the American Leather Chemists Association (A.L.C.A.), 
and some from the Technical Committee on Leather and Leather Products 
of the Federal Specifications Executive Committee (F.S.E.C.). Any par¬ 
ticular method should perhaps be credited to the individual member of one 
or the other Committee who had most to do with its preparation, but all of 
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the methods have been changed by Committee action from the first draft 
presented for discussion. 

The two groups are not rivals. In practically every case, the method was 
worked out first by the A.L.O.A., and then adopted by the F.S.E.C. How¬ 
ever, the F.S.E.C, has usually found it worth while to make certain amend¬ 
ments, which later have been adopted by the A.L.C.A. In this chapter we 
have presented the latest editions, for which either group may have been 
responsible, depending chiefly on which one gave the later consideration to 
the method. 

It must be emphasized that the methods for measuring the physical 
properties of leather will be in the development stage for many years to come. 
Experience in the use? of a method will indicate its faults, which must be 
corrected. The development of new testing machines will provide new tools, 
the use of which will call for revision of the methods. Most important, a 
more careful analysis of the uses of leather will give a clearer understanding 
of the role of certain physical properties in determining the value of the 
leather for each use, and will probably bring to light the need for methods 
which do not now exist. 

The buyer, the testing engineer, and the seller, should study each transac¬ 
tion carefully to make sure that the testing methods to be used are the most 
recent, and that they will give information of real value in establishing the 
usefulness of the leather for the intended purpose. 
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Pigments of skin, 62 
pK value of organic acids, 68 
of amino acids, 71 
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Polymerization, 416 
Polypeptide chains, 13 

Potentiometric method for fixed acid or base, 74, 75 
Precipitation point value, 437 
Pressing method for fixed acid or base, 84 
chrome tanning, 445, 446 
formaldehyde tanning, 350, 354 
quinone tanning, 403, 407 

Pretannage with chrome, effect on vegetable tanning, 
588-590 

with formaldehyde, effect on vegetable tannine, 590- 
591 

with quinone, effect on vegetable tanning, 591 
with vegetable tannin, effect on chrome tanning, 503 
Prolamines, 80 

Protein bound acid in chrome leather, determination of, 
441-443 

effect on shrink temperature, 511-512 
Protein constituents of skin, 12-47 
Proteins, analysis of for fixed ions, 84, 85 
analysis of for sodium, 467 

combination with acids bases salts and heavy 
metals 67-117 

measurement of acid-base fixation 73-113 
dye technique, 75 
hydraulic pressing, 84 
phase rule, 76 
potentiometnc, 74, 75 
skin proteins, composition of, 12-47 
swelling, 125, 127, 131, 132, 235-242 
x ray examination, 12-47 
Protocateehme acid, 553 
Ptmdopkyta , 136 
Pyrogttllal tannins, 552 

Q 

Quebracho, 549 

Qumone tanumg, acid-base binding of quinone leather, 
407, 408 

effect of aging qumone solutions, 398 
oxidation, 391, 396, 397, 398, 399 
pH value, 388-397, 402 
polymerisation, 397-399 
pressing method, 407 
shrinkage temperature, 405, 400-408 
swelling of leather, 406 
theories of, 410 
time of tannage, 388-390 
x-ray examination, 399-403 

R 

Rod hoat, 156 

Reduction methods in chronic tanumg, glucose, 426-129 
miscellaneous, 426 
sucrose, 426-429 
sulfur dioxide, 430 

Removing uncombinod matters from leather, pressing, 
445, 453 

pressing and washing 445, 453 
washing, 445-448 
Ream tauntng, 694-099 
Reticular layer, 7 
Reticulin, 41, 42 

effect of bating on, 249 

Reversibility of tanning, chrome leather, 505-510 
formaldohyde leather, 348, 349, 354 
vegetable leather, 604-009 

s 

Balt stains, 154 

Saponification m liming, 209-218 
Schizomycetee, 136 
Schxzophyta, 136 
Sebum of skin, 53, 54 
Shrinkage temperature, 119-136 
apparatus lor determining, 134 

as function of, acid, alkali and salt treatment, 124-133 
liming, 222, 223 
pickling, 3H, 315 
method for determining, 133, 134 
of aldehyde leather, 345-384 
chrome leather, 119, 510-516 


Shrinkage temperature, collagen, 119-135 
qumone leather. 119, 405-410 
relation to swelling, 131 
significance of, 120-124 
vegetable leather, 119, 609-615 
Side chains of proteins, 14 

Silk and silk fibroin, acid and base binding, 81-87 
aim no acids, 81 
swelling, 82 
x-ray examination, 15 

Skin, composition of and chemical structure, 12-66 
ammo andfi, 32, 33 
carbohydrates, 56 
enzymes, 63 
lipuls, 47-55 
minerals, 57, 58 
pigments, 62 
proteins, 12 
water, 59, 60 
curing of, 139-157 
divisions of, general, 7-9 
curium (derma), 7 
epidermis, 9 
flesh, 7 

reticular layer, 7 
thermostat layer, 7 
layer divisions of, 9 
giain membrane, 9 
hyaline layer, 8 
stratum tornrum, 9 
stratum yermmalum , 9 
stratum yranulosum, 9 
stratum lundium, 9 
liming of, 168-243 
organs of, 5 

blood vessels, 5 
lat. glands, 6 
muscles, 5 
nerves, 5 
sweat glands, 5, 6 
pbysiologn function of, 5, 6 
post mortem changes in, 147, 14f>, 149, 150 
soaking of, 158-167 
tissues of, 5-1 i 
blood. 5 
connective, 5 
epithelial, 5 
fatty, 5 
glandular, 5 
museulai, 5 
nei vous, 5 

x-ray examination of, 15 
Skm lipids, constants of, 47-55 
Soaking, 158-167 

eontiol of bacterial growth, 164, 167 
effect of bacterial action m, 158, 163 
coagulable ptoteins, 161, 165, 166 
neutral salts, 161, 165, 166 
polysulhdes, 166 

relation of water to skin, 164, 165 
temperature, 163 
time, 159, 160 

formation of amines in soak, 176, 177 
methods of, 158, 165, J66 
objects of, 158 

relation of soaking to liming, 159, ICO 
leather results, 158 
swelling in soak, 159 
Soaps, use of in fathquormg, 723, 724 
Sodium, determination of in chrome Leather, 467 
poly sulfide, 166 
Bulfhydrate, 192, 225, 226-229 
sulfide, 185, 202, 209, 221, 222 
Spcrmatophyta, 136 
Spirilla, 136 

Sponging compound, 748, 749 
Spruce extracts, 549 
Spue on leather, 749-754 
prevention of, 754 
St a phylococc i, 136 
StUbaceae, 137 

Stitch tear of leather, 770-771 
Streptococci, 136 
Streptococcus lacticus, 583 
Structured proteins, 12 
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Stuffing, 746 

Sugars m vegetable, tanning materials, 565 
Sulfated fatty alcohols, 730 
Bulfated oils, analysis of, 725, 726 
reactions during sulfation, 727-720 
types of emulsions with, 720-730 
Sumac, 549 

Sweating, unhairing method, 168 
Swelling, forces causing, 256, 304-306 
in liming, 159, 236-243 
in pickling, 268-300 
in soaking, 139 
theories of, 304-306 

Syntans, application of in tanning, 690601 
as substitutes for vegetable tannins, 687 
classification of, 689 
composition of, 688 
diffusion of through limed hide, 592 
effect on bound water of hide, 592 
vegetable tanning, 685 
history of, 682 

materials employed in making, 687 

T 

Tarmase, action of, on tannin, 551 
Tanning processes, description of, 2-4 
Tanning with tannin dissolved iu organic solvents, 586 
Tannins, action of molds upon, 551 
botanical designations, 549 
bound water of, 560 
chemistry of, 550-554 
classification of, catechol, 552 
condensed, 553 
Freudenberg’s, 553 
hydrolyzable, 553 „ 

Perkin and Everest's, 552 
pyrogallol, 552 

determination of, Official method, 557 
Lowenthal method, 562 
Wilson and Kern method, 557 
differentiation of, in mixtures, 558 
diffusion of, 567, 568 
electrical charge of, 564-566 
isoelectric points of, 666 
molecular weights of, 660 
oxygen effects on, 584-586 
particle size of, 561-564 
solubility in organio solvents, 586, 608-609 
source of, domestic, 549 
foreign, 549 

synthetic tannins, 682-692 
uJtrafiltration of tannins, 563 
Tawing, 656 

Tearing strength of leather, 770, 771 
Temperature effects in tanning, chrome tanning, 448, 
449 

formaldehyde tanning, 346, 372, 375-377 
vegetable tanning, 569, 570 
Tensile strength of leather, 766-769 
Thallophyta, 136 

Tlmories of tanning, alum, 680, 681 
chrome. 538-547 
formaldehyde, 386 
iron, 653-655 
quinone, 410 
vegetable, 618-627 
Thermostat layer, 7 

Thickness changes of hide during vegetable tanning, 
576 

Triglycerides of skin, 50 
Trypsin, 30, 244, 248 


Tuberculariaceac, 137 
Tungsten tanning, 706-711 

u 

Unoombinod matters in leather, removal of, 339, 348, 
364, 407, 445-448, 604, 605 
Unhairing, see Inning and depilation, 168 
Uromc acids in vegotablo tanning materials, 555 

V 

Villoma, 549 

Vanadium tanning, 706-711 
Vegetable leather, nee under special heading#. 
Vegetable tanning, combined tannin, 557, 558, 605 
combined water soluble#, 605 
effect of acid or alkab pretreatrnont, 595-596 
added nontannins, 584 
added syntanB, 692 
concentration of tannin, 573-575 
deaminization of hide substance, 597-598 
liming, 593-594 

neutral salt pretreatment, 594-595 
on acid combining capacity of hide substance, 600 
pH value, 570-573 
temperature, 569-670 
time of tanning, 575-570 
enzymatic digestion of vegetable leather, 598 
methods of tanning, 530 
pretannage with, chrome, 588-389 
formaldehyde, 590-591 
quinone, 591 

rate of tannin diffusion, 567 
fixation, 575, 576 

reversibility of fixed tannin, 604-609 
shrinkage temperature, 009-013 
tanning with organic solvents, 586-587 
theories of vegetable tunning, 618-627 
x-ray spectrum of leather, 602-004 

w 

Water absorption by leather, 786 
Water vapor, permeability of leather to, 785 
Wattle bark, 549 
Waxes of skin, 54, 53 

Weight changes of hide during vegetable tanning, 577 
Werner’s coordination theory, 411 
W'ool, anuno acids, 32, 33 
composition, 21 
isoelectiic point, 19 
titration curves, 90-97 
x-ray examination, 21-29 

X 

X-ray spectrum, 14 
of oollagen, 34-39 
hair, 21, 22 

keratin, 23, 24, 25, 26, 27 
leathers, 379, 400, 401, 602-604 
silk, 16, 17, 35 
wool, 21 

y 

Yeasts, 137 

z 

Zirconium tanning, 711-714 
Zwitteriou concept, 69 
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